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Although  it  is  generally  appreciated  that  intrinsic  dysmenorrhea  is  a 
symptom  and  not  a  disease,  attempts  are  being  made  constantly  to  find  a  com¬ 
mon  etiologic  factor  applicable  to  the  majority,  if  not  all,  of  the  cases.  In  the 
course  of  years  the  cause  of  painful  menstruation  has  been  variously  attributed 
to  obstruction  of  the  cervical  canal,  hypoplasia  uteri,  psychogenic  factors, 
neurogenic  disturbances,  and  many  other  conditions. 

It  was  inevitable,  therefore,  that  interest  in  the  endocrine  glands  should 
direct  attention  to  these  organs  as  possible  primary  causes  for  dysmenorrhea. 
It  has  long  been  recognized  that  improvement  follows  the  administration  of 
thyroid  substance  in  selected  cases,  and  Hertzler  and  his  school  speak  of  a 
'goiterous  dysmenorrhea’,  which  they  attribute  to  an  interstitial  thyrotoxicosis. 
Certain  authors  also  believe  that  a  premenstrual  hypoglycemia  or  a  calcium 
deficiency  may  be  concerned  with  the  production  of  pain  in  some  instances. 
However,  the  present  discussion  deals  with  theories  which  seek  to  explain  the 
etiology  of  primary  dysmenorrhea  as  a  disturbance  involving  the  ovarian 
hormones,  estrogen  and  progestin.  The  various  suggestions  advanced  regarding 
the  role  of  these  substances  are  conflicting,  and  they  are  open  to  a  critical 
consideration  before  final  acceptance. 

EXPERIMENTAL  OBSERVATIONS 

In  considering  this  problem,  the  estrogenic  hormone  content  of  the  blood 
of  a  group  of  women  with  severe  dysmenorrhea  was  studied.  There  were  19 
patients,  varying  from  13  to  34  years  of  age,  and  all  except  2  were  nulli- 
gravidae.  In  each  case  no  pelvic  or  systemic  cause  for  the  painful  menstruation 
was  found,  so  that  they  may  be  considered  as  representative  of  primary  or 
intrinsic  dysmenorrhea. 

’  This  study  was  supported  in  part  by  the  Rockefeller  Fluid  Research  Fund  of  Stanford  University 
School  of  Medicine,  and  by  a  grant  from  the  Committee  for  Research  in  Problems  of  Sex,  National  Research 
Council. 
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A  total  of  85  tests  for  estrogen  was  conducted,  and  at  least  3  on  each 
patient  were  performed  at  weekly  intervals.  The  laboratory  procedure  em¬ 
ployed  was  the  'mucification  test',  which  consists  of  injecting  untreated  blood 
serum  into  adult  spayed  mice  with  a  subsequent  study  of  microscopic  sections 
of  the  vagina.  This  method  has  been  described  in  detail  in  several  previous 
communications  (1,  2),  and  over  1800  tests  have  now  been  done  in  the  Stan¬ 
ford  Gynecologic  Laboratory.  The  normal  control  established  for  the  menstrual 
cycle  by  this  test  shows  a  peak  of  estrogen  concentration  in  the  blood  from  8 
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Fig.  1.  The  estrogen  concentration  in  the  blood  of  normal 
women  reaches  a  ^ak  from  8  to  IS  days  before  menstruation  and 
presumably  is  associated  with  ovulation.  This  type  of  curve  was  found 
in  11  of  19  dysmenorrheic  patients.  (A  2+  reaction  is  equivalent  to 
approximately  )  M.u.  of  estrogen  per  100  cc.  of  whole  blood;  3+ 
equals  6  M.u.  and  4+  equals  12  M.U.) 


to  15  days  before  menstruation,  with  a  frequent  secondary  rise  just  before,  or 
at  the  time  of,  the  menses.  Although  this  finding  differs  from  that  of  Frank 
and  Goldberger,  who  observed  a  rise  of  estrogen  in  the  week  preceding  the 
menses,  it  is  in  keeping  with  numerous  studies  conducted  on  the  excretion 
of  estrogen  in  the  urine  of  normal  women. 

A  study  of  the  blood  estrogen  of  19  dysmenorrheic  patients  failed  to 
demonstrate  any  consistent  departure  from  the  normal,  either  in  the  amount 
of  estrogen  present  or  in  the  type  of  curves  obtained.  In  11  instances,  a  single 
peak  in  the  concentration  of  the  hormone  occurred  during  the  interval,  and 
presumably  was  associated  with  ovulation  (fig.  1).  In  7  cases  the  interval 
rise  was  present,  but  a  secondary  increase,  also,  was  noted  at  about  the  time 
of  menstruation  (fig.  2).  The  only  abnormal  finding  was  in  a  young  woman 
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of  19,  in  whom  there  was  a  definite  increase  of  estrogen  at  the  time  of 
menstruation,  and  no  peak  during  the  interval  (fig.  3). 

DISCUSSION 

The  theories  of  the  cause  of  dysmenorrhea  which  are  based  on  disturbances 
of  the  ovarian  hormones  fall  into  3  categories.  It  has  been  suggested  that 
primary  dysmenorrhea  is  due,  a),  to  z  deficiency  of  estrogen;  b),  m  excess  of 
estrogen  or  a  deficiency  of  progestin,  and  c),  zn  overactivity  of  progestin. 

Deficiency  of  estrogen.  The  association  of  dysmenorrhea  with  hypoplasia 
uteri,  oligomenorrhea,  and  hypomenorrhea  early  led  to  the  belief  that  it  may 
be  due  to  a  hypo-ovarian  condition.  More  recently  it  was  found  that  castra- 


Fig.  2.  In  a  large  percentage  of  normal  women  there  is  a  sec¬ 
onds^  rise  of  the  estrogen  content  of  the  blood  just  before  or  at 
the  time  of  menstruation.  It  was  noted  in  7  out  of  19  patients  with 
primary  dysmenorrhea. 

tion  produces  degenerative  changes  in  the  ganglia  of  Frankenhauser,  which 
may  be  corrected  by  the  administration  of  estrogen  (3,  4),  Consequently  it 
was  suggested  that  a  lack  of  sufficient  estrogenic  hormone  causes  disturbances 
which  affect  the  sympathetic  nerve  supply  of  the  uterus,  whereupon  dys¬ 
menorrhea  ensues  (5). 

This  theory  is  not  compatible  with  two  important  observations.  First,  the 
examination  of  the  blood  of  dysmenorrheic  women  has  not  shown  a  diminished 
amount  of  the  hormone.  Second,  the  existence  of  a  hypoplastic  uterus,  as  evi¬ 
dence  of  ovarian  deficiency,  is  demonstrable  only  in  a  limited  number  of 
patients. 

Excess  of  estrogen  or  progestin  deficiency.  The  second  theory  is  frequently 
quoted,  and  is  mentioned  in  most  of  the  recent  text-books  of  gynecology. 
According  to  this  belief,  dysmenorrhea  results  from  an  endocrine  imbalance 
between  the  two  factors  controlling  uterine  motility.  This  concept  arose  from 
the  experimental  demonstration  that  estrogenic  substances  stimulate  rhythmic 
uterine  contractions  whereas  progestin  inhibits  them.  During  the  preovulatory 
or  estrogen  phase  of  the  menstrual  cycle  there  is  a  progressive  muscular  activity 
of  the  uterus,  in  the  postovulatory  or  progestin  stage  it  is  quiescent,  and  with 
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the  onset  of  menstruation  uterine  contractions  reappear.  The  proponents  of 
this  theory  maintain  that  dysmenorrhea  results  from  overactivity  of  the  uterine 
muscle  due  to  an  excess  of  estrogen  at  this  time,  or  conversely,  a  deficiency  of 
progestin  (6,  7). 

There  are  several  serious  objections  to  this  theory:  a),  The  most  important 
is  that  its  basic  requirement,  namely,  overactivity  of  estrogenic  hormone  un¬ 
inhibited  by  progestin,  is  completely  fulfilled  in  the  condition  of  hyperplasia 
endometrii,  but  the  bleeding  in  this  disease  is  almost  always  painless;  b ),  In 
this  study,  an  increase  of  estrogen  in  the  blood  at  the  time  of  menstruation 
was  not  found  more  frequently  than  in  women  without  dysmenorrhea.  How¬ 
ever,  Kotz  and  Parker  (8),  using  the  Frank-Goldberger  test,  found  a  higher 


Fig.  i.  In  a  group  of  19  women  with  primair  dysmenorrhea, 
only  one  gave  a  blood  estrogen  curve  which  deviated  from  the  normal. 
The  estrogen  concentration  increased  at  the  time  of  menstruation, 
and  there  was  no  rise  during  the  midinterval. 


level  of  estrogenic  substances  in  the  blood  of  a  large  percentage  of  dys- 
menorrheic  patients,  c),  The  peak  of  estrogen  concentration  and  uterine  con¬ 
tractions  is  reached  at  about  the  time  of  ovulation,  but  except  for  women  with 
’Mittelschmerz’,  dysmenorrheic  patients  do  not  have  pain  at  this  time;  d ),  The 
concept  of  a  deficient  corpus  luteum  as  a  cause  of  dysmenorrhea  is  difficult  to 
understand,  since  normally  there  is  always  a  deficiency  of  this  gland  at  the  time 
of  menstruation.  It  undergoes  degeneration  2  to  3  days  before  the  onset  of  the 
menses,  and  the  lack  of  progestin  is  indicated  by  the  absence  of  pregnanediol 
in  the  urine  (9). 

Excess  of  progestin.  It  has  been  suggested  that  dysmenorrhea  results  from 
a  separation  of  the  endometrium  in  macroscopic  fragments  instead  of  the 
usual  molecular  disintegration.  Whitehouse  (10)  believes  that  any  abnormal 
detachment  of  the  menstrual  decidua  is  associated  with  pain,  whereas  other 
authors  contend  that  the  decidual  fragments  act  as  foreign  bodies  provoking 
muscular  contractions.  Cannon  (11)  assumes  that  this  condition  is  funda¬ 
mentally  due  to  'overactivity  of  the  corpus-luteum  hormone,  which  in  turn  is 
due  to  overactivity  of  the  luteinizing  hormone  of  the  anterior  pituitary  body’. 

This  concept  is  not  supported  by  any  satisfactory  evidence.  It  is  known  that 
progestin  disappears  1  or  2  days  before  the  onset  of  the  menses,  and  recent 
studies  on  the  action  of  this  hormone  do  not  indicate  in  any  way  that  the 
administration  of  excessive  dosages  eventually  leads  to  an  abnormal  desqua¬ 
mation  of  the  endometrium. 

It  appears,  therefore,  that  there  are  serious  objections  to  the  acceptance 
of  any  theories  which  seek  to  explain  the  cause  of  primary  dysmenorrhea  on 
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the  basis  of  a  deficiency  or  excess  of  either  estrogen  or  progestin.  Some  of  the 
arguments  advanced  in  favor  of  such  concepts  are  supported  by  sound  experi¬ 
mental  investigations,  but  they  are  incomplete,  and  more  evidence  is  neces¬ 
sary  before  the  final  answer  can  be  obtained.  At  least,  the  work  which  has 
been  done  paves  the  way  for  further  study. 

It  is  important  to  point  out,  however,  that  this  conclusion  should  not  dis¬ 
courage  attempts  to  treat  dysmenorrhea  with  these  hormones,  provided  they 
are  employed  because  they  have  certain  pharmacologic  properties  and  not 
merely  to  substitute  for  a  theoretical  insufficiency. 

SUMMARY 

A  series  of  85  tests  for  estrogenic  substances  in  the  blood  was  conducted 
on  19  patients  with  primary  dysmenorrhea.  In  18  instances  the  results  failed 
to  show  any  variation  from  the  normal.  There  are  serious  objections  to  ac¬ 
cepting  any  of  the  theories  which  seek  to  explain  the  cause  of  primary  dys¬ 
menorrhea  solely  as  a  deficiency  or  excess  of  either  estrogen  or  progestin. 

My  thanks  are  due  Mr.  John  J.  Kan  and  Mr.  Pierre  Lassegues  for  their  technical  assistance. 
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HORMONE  AND  ELECTROLYTE  STUDIES  OF  PATIENTS  WITH 
HYPERADRENOCORTICAL  SYNDROME  (CUSHING’S 
SYNDROME)" 
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From  the  Institute  of  Experimental  Biology,  Division  of  Medicine,  and  Department 
of  Biochemistry,  University  of  California 
BERKELEY  AND  SAN  FRANOSCO,  CALIFORNIA 

A  great  deal  of  attention  has  centered  around  the  adrenocortical  syndrome 
since  Cushing  (1)  in  1932  rekindled  interest  in  this  subject  by  pointing  out 
that  the  syndrome  then  designated  as  polyglandular  is  frequently  associated 
with  a  basophil  adenoma  of  the  pituitary.  He  coined  the  term  'pituitary 
basophilism’  for  this  condition  and  suggested  that  it  was  due  primarily  to 
hyperfunction  of  basophil  cells  of  the  anterior  pituitary. 

The  purpose  of  this  communication  is  to  present  evidence  in  favor  of  the 
view  that  Cushing’s  syndrome  is  essentially  a  hyperadrenocortical  state  due 
to  the  over-production  of  the  adrenal  cortical  hormone  (cortin).  It  is  now 
recognized  that  there  are  two  types  of  syndromes:  the  adrenogenital  syndrome 
[le  syndrome  genito-surrenal  of  Gallais  (2)]  in  which  the  tendency  to  sex 
reversal  or  to  precocious  sexual  maturity  is  the  chief  feature,  and  Cushing’s 
syndrome,  characterized  mainly  by  pleAora,  localized  obesity,  hypertension, 
osteoporosis,  polycythemia,  hyperglycemia  and  a  tendency  to  sexual  depression 
or  inhibition  rather  than  virility. 

There  have  been  three  main  periods  in  the  development  of  the  subject  of 
adrenocortical  syndrome.  In  the  first  period,  extending  until  1921,  attention 
was  given  solely  to  a  description  of  the  clinical  and  pathological  findings  in 
patients  with  this  condition.  The  second  period,  the  pituitary  period,  might  be 
said  to  have  been  initiated  by  Evans  and  Long  (3)  who  in  1921  discovered 
the  growth  hormone  of  the  pituitary.  This  finding  was  a  direct  confirmation 
of  an  earlier  clinical  observation  that  eosinophil  tumors  of  the  pituitary  are 
asociated  with  acromegaly  and  gigantism.  Six  years  later  Smith  (4)  and 
Zondek  (5)  independently  demonstrated  the  presence  of  a  gonadotropic 
hormone  in  the  pituitary.  These  important  discoveries  formed  the  basis  of 
Cushing’s  thesis  that  the  basophil  tumor  elaborates  an  excess  of  gonadotropic 
hormone,  which  in  turn  gives  rise  to  the  clinical  picture  now  associated  with 
his  name.  The  third  or  present  period  beginning  about  1933  with  the  develop¬ 
ment  of  physiology  of  the  adrenal  cortex  may  be  designated  the  adrenocortical 
period.  The  earlier  preparations  of  adrenal  cortical  extracts  by  Hartman  (6) 
and  by  Swingle  and  Pfiffner  (7),  and  the  recent  isolation  of  the  adrenal 
cortical  hormone  in  crystalline  form  by  Kendall  (8)  and  Reichstein  (9)  have 

*  Aided  by  a  grant  from  the  Christine  Breon  Fund  for  Medical  Research.  Assistance  was  rendered 
by  the  Works  Progress  Administration,  Projects  No.  8823  A-3  and  No.  8823  A-12. 
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been  the  means  of  shedding  light  on  the  physiology  of  the  adrenal  cortex  and 
its  clinical  problems.  The  isolation  of  a  male  sex  hormone  from  the  adrenal 
cortex  by  Reichstein  (10),  which  he  has  designated  adrenosterone,  also  has 
its  correlation  in  the  clinical  field.  It  is  not  within  the  scope  of  this  paper  to 
review  the  literature  of  this  subject.  The  reader  is  referred  to  the  reviews  by 
Kessel  (11)  byTesseraux  (12)  and  by  Haymaker  and  Anderson  (13). 

To  test  the  hypothesis  that  Cushing’s  syndrome  is  the  result  of  an  excessive 
production  of  the  adrenal  cortical  hormone  we  have  followed  two  courses  of 
investigation.  The  first  has  been  that  of  examining  the  blood  and  urine  of 
patients  with  Cushing’s  syndrome  for  the  presence  of  increased  amounts  of 
adrenal  cortical  hormone;  the  second,  that  of  determining  whether  certain 
serum  electrolytes  show  a  deviation  from  the  normal  which  is  the  opposite  of 
that  foimd  in  adrenal  cortical  insufficiency  (Addison’s  disease).  These  studies 
have  been  made  upon  5  patients  with  Cushing’s  syndrome,  and  1  patient  with 
Addison’s  disease;  their  clinical  histories  are  briefly  as  follows. 

Case  1.  Patient  B.  B.  was  male,  aged  32  years,  with  onset  of  illness  2  years 
previous.  On  entry  the  patient  showed  the  typical  findings  of  Cushing’s  syndrome: 
a  rapidly  acquired  painful  obesity  confined  to  face,  neck  and  trunk;  plethora;  dry¬ 
ness  of  skin ;  purplish  abdominal  lineae  striae ;  osteoporosis  of  spine  causing  severe 
backache;  impotence;  vascular  hypertension;  numbness  of  hands  and  feet;  easy 
fatigability  and  mental  depression. 

Case  2.  M.  B.,  a  male,  aged  20  years,  had  suffered  from  backache,  increased 
fatigability,  and  headache  since  the  age  of  16.  'The  essential  findings  were  short¬ 
ness  of  stature,  kyphosis,  painful  obesity  of  trunk  and  face,  plethora,  high-pitched 
voice,  diminished  libido,  vascular  hypertension,  polycythemia,  osteoporosis  of  spine, 
pigmentation  over  lower  legs,  and  diminished  glucose  tolerance. 

Case  3.  N.  H.,  was  female,  aged  33.  At  the  age  of  17  she  had  shown  all  the 
stigmata  of  Cushing’s  syndrome  to  a  marked  degree.  She  was  bedridden  for  one 
year  because  of  osteoporosis  of  spine.  She  now  has  but  slight  plethora  of  the  face; 
menstruation  occurs  every  2  or  3  months;  lineae  striae  are  now  white;  the  obesity 
of  face  and  trunk  is  still  present  but  it  is  no  longer  painful;  there  is  a  marked 
sagging  of  tissues.  She  also  has  marked  osteoporosis,  pigmentation  over  legs,  hyper¬ 
tension,  polycythemia,  glycosuria,  and  hyperglycemia. 

Case  4.  R.  L.,  a  male,  aged  16  years,  complained  of  fatigability,  backache,  and 
headache.  There  is  generalized  obesity  most  striking  over  trunk  and  without  plethora, 
striae  atrophica,  hypertension,  polycythemia,  slightly  diminished  glucose  tolerance, 
and  a  slightly  increased  bone  age. 

Case  3.  G.  M.,  a  female,  aged  33  years,  complained  of  backache,  mental  depres¬ 
sion,  and  physical  exhaustion.  Onset  of  symptoms  followed  her  only  pregnancy  12 
years  previously.  She  had  generalized  obesity,  hypertension,  irregular  menstruation, 
low  grade  fever,  hypertrichosis,  and  polycythemia. 

Case  of  Addison’s  Disease.  H.  L.,  a  male,  aged  27  years,  complained  of  weak¬ 
ness,  fatigability,  loss  of  weight,  and  pigmentation  of  skin.  Onset  of  illness  2  years 
previously,  with  gradually  increasing  asthenia,  marked  pigmentation  on  exposed 
parts  of  body,  B.P.  90/78,  and  increased  glucose  tolerance.  Basal  metabolism  was 
—  14  per  cent. 

In  our  preliminary  studies  it  was  found  that  when  the  serum  of  two  pa¬ 
tients  with  Cushing’s  syndrome  (case  1  and  another  patient  not  reported  here) 
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was  given  to  completely  adrenalectomized  rats  in  doses  of  0.5  cc.  twice  daily, 
the  survival  period  was  longer  than  that  of  untreated  adrenalectomized  con¬ 
trols  (14).  Later  it  was  found  that  extracts  of  blood  and  urine  prepared  by  a 
method  used  for  extracting  adrenal  cortical  hormone  from  adrenal  tissue  pro¬ 
longed  the  lives  of  adrenalectomized  rats.  The  details  of  this  experimental  work 
have  been  reported  previously  (15).  Extracts  were  made  of  the  blood  of  3  of 
the  patients  {cases  1,  2  and  5 ) .  The  extract  from  100  cc.  of  blood  was  put  up  in 
10  cc.  olive  oil,  and  0.1  cc.  of  this  solution  was  injected  daily  into  the  test 


Table  1.  Survival  of  adrenalectomized  rats  treated  with  extracts  of  blood  and 

URINE  OF  PATIENTS  WITH  CuSHINc’s  DISEASE 


No.  of 
test 

Days  survival  after 
adrenalectomy 

animals 

Range 

Median 

No.  of  injections 

28 

6-15 

8.1 

Olive  oil,  0.2  cc.  daily 

11 

7-14 

9.1 

Extract  Adrenal  Cortex  (Upjohn) 

0.1  cc.  daily  (=4  gm.  fresh  gland) 

10-14 

11.8 

0.2  cc.  daily  (=8  gm.  fresh  gland) 

10-331 

22.9 

Extract  of  Blood 

1.  Normal  adult  male 

8 

7-13 

9.6 

2.  Patient  B.B. 

10 

7-30* 

14.5 

3.  Patient  M.B. 

2 

16 

16.0 

4.  Patient  G.M. 

5 

9-20 

14.2 

Extract  of  Urine 

1.  Normal  male 

7 

6-12 

8.5 

2.  Patient  M.B. 

23 

8-32* 

16.1 

3.  Patient  S.C. 

8 

7-15 

10.4 

*  Injections  were  stopped  on  the  20th  day  postoperative. 


animals.  Male  rats  adrenalectomized  at  the  age  of  28  days  were  used  for  this 
experiment.  The  period  of  survival  after  adrenalectomy  was  taken  as  a  measure 
of  the  'cortin  effect’  of  the  solution  injected.  An  extract  was  made  of  the  urine 
of  case  2,  the  same  method  being  employed  as  for  extraction  of  the  blood; 
the  extract  of  a  24-hour  specimen  was  dissolved  in  10  cc.  of  olive  oil,  and  0.1 
cc.  of  this  solution  was  injected  daily  into  the  test  animals.  Urine  specimens  col¬ 
lected  on  cases  3  and  4  for  this  study  had  not  been  properly  preserved;  they 
gave  negative  results. 

Examination  of  the  data  in  table  1  shows  that  the  adrenalectomized  rats 
receiving  extracts  prepared  from  blood  and  urine  of  patients  B.B.,  M.B.,  and 
G.M.,  survived  a  longer  period  than  the  untreated  control  animals,  or  those 
receiving  the  extracts  prepared  from  normal  blood  and  urine.  It  was  estimated 
that  1  cc.  of  blood  from  the  patients  with  the  typical  picture  of  Cushing’s 
syndrome  was  equivalent  in  hormone  content  to  4  to  6  gm.  of  fresh  adrenal 
gland.  A  24-hour  urine  specimen  from  one  of  these  patients  contained  the 
equivalent  of  400  gm.  of  gland. 

Grollman  and  Firor  (16)  have  found  that  normal  adults  excrete  a  small 
amount  of  cortin-like  material,  the  total  amount  per  liter  of  urine  being  equiva- 
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lent  to  0.5  gm.  of  fresh  adrenal  gland.  They  felt  that  this  cortin-like  substance 
is  neither  estrin  nor  prolan.  We  have  found  that  extracts  of  pregnancy  urine 
known  to  contain  large  amounts  of  estrin  and  prolan  have  no  effect  in  pro¬ 
longing  survival  of  adrenalectomized  rats. 

The  urine  of  patient  S.C.,  a  case  of  virilism  in  a  girl  of  5  years,  showed  no 
significant  amount  of  cortin-like  material;  however,  a  24-hour  urine  specimen 
contained  38  i.u.  of  androgenic  hormone  (free  androgenic,  5  i.u.,  hydrolyz¬ 
able  androgenic,  33  i.u.)  which  is  a  significant  increase  over  the  normal 
amount. 

The  second  test  of  the  hypothesis  that  Cushing’s  syndrome  is  an  expression 
of  an  overproduction  of  cortin  consisted  in  studying  the  urinary  excretion  of 


Table  2.  Sodium  and  potassium  studies  on  patients  with  Cushing’s  and  Addison’s  diseases 


Blood  serum  (fasting) 

Urinary  excretion 

Sodium 

Potassium 

Sodium 

Potassium 

Patient  M.B.  (Cushing’s  disease) 
Patient  N.H.  (Cushing’s  disease) 
Patient  R.L.  (Cushing’s  disease) 
Patient  H.L.  (Addison’s  disease) 

mg./lOO  cc. 
326 

gm./24  hr. 
2.8 

gm./24  hr. 
9.9 

314 

14.4 

2.8 

3.4 

348 

1.5 

4.1 

217 

24.8 

3.9 

2.5 

Normal 

330 

16-22 

3. 0-5.0 

1. 0-3.0 

The  patients  with  Cushing's  disease  had  not  been  treated  and  were  on  a  r^ular  hospital  diet  with  an 
approximate  sodium  intake  of  3  to  6  gm.  and  potassium  2  to  4  gm.  daily.  'The  patient  with  Addison’s 
disease  was  under  treatment  for  his  adrenal  cortical  insufficiency  and  was  receiving  a  low  potassium  diet 
and  additional  sodium. 

sodium  and  potassium  and  the  blood  level  of  these  electrolytes  in  the  patients 
under  consideration,  and  to  compare  the  findings  with  those  of  a  patient  with 
Addison’s  disease.  It  was  reasoned  that  since  patients  with  Addison’s  disease 
are  helped  by  a  high  sodium  and  low  potassium  intake,  then  patients  with 
Cushing’s  syndrome  should  be  benefited  by  being  placed  on  the  opposite 
regimen,  namely,  low  sodium  and  high  potassium  intake.  This  form  of  treat¬ 
ment  proved  effective  in  case  1 :  the  blood  pressure  decreased,  there  was  loss  of 
weight  and  the  patient  was  relieved  of  headaches  and  generalized  pains. 

At  this  stage  in  our  study,  the  report  of  McQuarrie,  Johnson  and  Ziegler 
(17)  appeared,  showing  that  the  plasma  electrolyte  pattern  of  a  patient  with 
Cushing’s  syndrome  was  the  diametric  opposite  of  that  of  Addison’s  disease. 
Furthermore,  they  demonstrated  that  the  administration  of  potassium  chloride 
affected  the  electrolye  pattern,  causing  it  to  approach  a  normal  state.  They 
expressed  the  belief  that  the  case  they  described  was  an  example  of  hyperfunc¬ 
tion  of  the  adrenal  cortex,  and  suggested  that  the  syndrome  be  termed  hyper- 
corticoadrenalism. 


The  results  of  the  sodium  and  potassium  study  on  3  of  our  patients  with 
Cushing’s  syndrome,  and  on  the  patient  with  Addison’s  disease  are  given  in 
table  2.  The  serum  was  collected  for  the  sodium  and  potassium  determinations 
before  breakfast  on  the  same  day  that  the  24-hour  urine  collection  was  started. 
The  patients  with  Cushing’s  syndrome  were  on  the  regular  hospital  diet  with 
an  estimated  sodium  intake  of  3-6  gm.  and  of  potassium,  2  to  4  gm.  The 
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patient  with  Addison’s  disease  was  under  treatment  for  his  adrenal  cortical 
insufficiency:  he  was  on  a  low  potassium  diet  and  was  receiving  an  excess  of 
sodium  chloride.  The  data  of  table  2  show  that  the  serum  potassium  values 
of  the  patients  M.  B.,  N.  H.,  and  R.  L.  are  at  the  lower  limits  of  normal  or 
below.  Patient  M.  B.,  whose  serum  potassium  is  16,  had  previously  shown  a 
fasting  level  as  low  as  11  mg.  per  100  cc.  These  same  patients  showed  a 
serum  sodium  at  the  upper  limits  of  normal.  On  the  other  hand,  the  urinary 
excretion  of  sodium  in  these  patients  was  below  normal,  whereas  potassium 
excretion  was  elevated.  The  patient  with  Addison’s  disease  showed  excess 
potassium  and  a  diminished  amount  of  sodium  in  the  serum.  The  urinary 
excretions  of  sodium  and  potassium  were  within  the  normal  limits. 

These  observations  on  Cushing’s  syndrome  are  consistent  with  the  findings 
of  Harrop  and  Thorn  (18)  who  showed  that  the  administration  of  adrenal 
cortical  hormone  causes  a  reduction  in  the  urinary  excretion  of  sodium  and  an 
increase  in  the  excretion  of  potassium.  However,  we  are  quite  aware  that 
more  extensive  studies  on  electrolyte  balance  must  be  carried  out  on  patients 
with  Cushing’s  syndrome  before  definite  conclusions  can  be  drawn. 


Benzene  extracts  of  the  blood  of  3  patients  with  Cushing’s  syndrome  pro¬ 
longed  the  lives  of  adrenalectomized  rats  beyond  the  survival  period  of  un¬ 
treated  controls.  The  ’cortin-effect’  of  1  cc.  of  blood  was  equivalent  to  4  to  6 
gm.  of  fresh  adrenal  tissue.  The  extract  of  urine  of  one  of  these  patients 
showed  a  similar  effect.  It  was  estimated  that  a  24-hour  urine  specimen  con¬ 
tained  the  equivalent  of  400  gm.  of  fresh  adrenal  cortical  tissue.  The  sodium 
and  potassium  levels  in  the  serum  and  the  urinary  excretion  of  these  electrolytes 
in  patients  with  Cushing’s  syndrome  showed  a  shift  from  the  normal  which  is 
diametrically  opposite  that  found  in  adrenal  insufficiency.  These  studies  would 
seem  to  indicate  that  Cushing’s  syndrome  is  produced  by  an  excess  of  adrenal 
cortical  hormone  (cortin). 
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The  disadvantages  occasioned  by  the  frequent  subcutaneous  injections  of 
adrenal  cortical  extract  in  patients  with  advanced  Addison’s  disease  are  well 
known.  It  has  been  shown  that  the  eflFect  of  a  single  subcutaneous  injection  of 
extract  is  short-lived  ( 1 )  and  that  a  constant  supply  of  hormone  can  be  in¬ 
sured  only  by  repeated  injections.  The  desirability  of  administering  the  extract 
in  some  form  which  obviates  the  necessity  of  frequent  injections  and  at  the 
same  time  provides  for  a  constant  rate  of  absorption  is  readily  understood. 

The  earliest  successful  attempt  to  use  a  glycerol  extract  of  fresh  adrenal  tis¬ 
sue  in  the  treatment  of  Addison’s  disease  appears  to  have  been  made  by  Osier 
(2)  in  the  Johns  Hopkins  Hospital  in  1895.  Because  recent  medical  literature 
contains  no  reference  to  this  classical  study,  excerpts  of  this  report  as  it  ap¬ 
peared  in  the  International  Medical  Magazine  for  February,  1896,  follow. 

"William  H.,  aged  46,  sail-maker,  admitted  to  the  Johns  Hopkins  Hospital 
May  3,  1895,  complaining  of  cough,  shortness  of  breath,  great  weakness,  and  a 
change  in  the  color  of  his  skin. 

"Present  Condition.  The  patient  is  a  small-framed,  poorly  nourished  man,  height 
about  5ft.  Sin. ;  present  weight  99  pounds.  Temperature  on  admission  was  101  °F.; 
pulse,  136;  respiration,  40.  The  eyes  are  sunken,  and  he  looks  very  apathetic.  One’s 
attention  is  immediately  attracted  by  the  intense  pigmentation  of  the  skin,  par¬ 
ticularly  of  the  face  and  forehead,  which  is  of  a  uniform  deep  brown  with  irregu¬ 
lar  patches  of  a  dark  color.  'The  lips  and  mucous  membranes  are  not  anemic.  On 
the  roof  of  the  mouth  there  are  two  patches  of  pigmentation;  on  the  velum  there 
is  slight  pigmentation ;  no  spots  on  the  lips,  cheeks  or  gums.  The  skin  of  the  hands 
and  wrists  is  of  a  very  deep  bronze  color.  The  pigmentation  is  more  marked  in 
the  axillae  and  at  the  bends  of  the  elbow.  The  areolae  of  the  nipples  and  the 
genitals  are  dark  brownish-black  in  color.  The  general  surface  of  the  body  shows 
a  marked  bronzing.  There  are  areas  of  very  deep  pigmentation  on  the  shins,  and 
there  is  accentuation  of  the  bronzing  on  either  side  of  the  great  toes.  The  super¬ 
ficial  glands  are  not  enlarged.  The  epididymis  and  testes  are  normal.  The  pulse  is 
regular,  of  medium  volume,  tension  normal,  the  vessel  wall  slightly  thickened. 

"The  thorax  is  symmetrical.  .  .  .  The  percussion-note  is  slightly  impaired  in 

*  Aided  by  a  grant  from  the  Committee  on  Research  in  Endocrinology,  National  R^arch  Council. 

•  This  pa^r  was  read  by  title  at  the  Thirtieth  Annual  Meeting  of  the  American  Society  for  Clinical 
Investigation,  Atlantic  City,  May  2,  1938. 
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the  right  front,  and  .  .  .  there  is  a  well  marked  friction  rub.  ...  At  both  apices 
there  are  a  few  fine  moist  rales.  .  .  .  The  sputum  the  day  after  admission  was  very 
abundant  and  frothy,  containing  a  considerable  quantity  of  greenish  muco-pus,  .... 

"On  May  16  the  treatment  with  suprarenal  extract  was  begun.  Thirty-six  pigs’ 
suprarenals  were  obtained  at  the  time  of  slaughtering,  cut  up  finely,  thoroughly 
powdered  with  pestle  and  mortar,  and  to  this  mass  about  6  ounces  of  pure  glycerin 
were  added,  and  the  whole  allowed  to  macerate  for  36  hours  in  a  refrigerator.  The 
mixture  was  then  filtered  several  times  through  fine-meshed  gauze.  The  filtrate 
consisted  of  a  reddish-brown  syrupy  fluid  of  a  rather  disagreeable  odor.  After  filter¬ 
ing  there  were  38  drachms  of  the  extract,  so  that  one  drachm  corresponded  to  a 
capsule.  The  patient  began  with  half  a  drachm  of  the  extract  3  times  a  day.” 

The  note  by  Dr.  Thayer  on  May  24,  8  days  after  beginning  the  use  of  the 
extract,  was:  "The  patient  looks  brighter  and  says  he  feels  better.  The  pulse  which 
had  ranged  from  120  to  140,  is  now  100.  He  has  gained  3  pounds  in  weight.” 

"On  June  6  the  amount  of  the  extract  was  increased  so  that  he  took  the  equiva¬ 
lent  of  3  glands  daily. 

"During  the  week  ending  June  16  the  patient  gained  5V^  pounds,  a  gain  of 
9Vi  pounds  since  the  use  of  the  extract  was  begun.  The  patient  continued  to  take 
the  equivalent  of  3  glands  daily.”  A  note  by  Dr.  Thayer  on  June  19  is  as  follows: 
"Temperature  has  been  quite  normal  for  more  than  a  month.  The  pulse,  which 
had  ranged  between  120  and  140  to  the  date  of  beginning  the  extract,  has  gradually 
fallen  until  during  the  last  week  the  range  was  between  84  and  104.  The  amount 
of  sputa  has  diminished  to  less  than  40  cc.  in  the  day.  The  patient  says  he  feels 
much  better;  his  appetite  is  good,  and  he  looks  a  great  deal  brighter.  The  condi¬ 
tion  of  the  lung  has  improved,  and  the  friction  murmur  is  no  longer  heard.” 

.  ,  The  treatment  was  continued  throughout  July  and  August,  and  in  spite 
of  the  hot  weather  he  improved  progressively.  The  gain  in  weight  was  remarkable. 
In  July  his  weight  increased  from  110^  to  115  pounds.  In  August,  during  the 
very  hot  weather,  he  lost  again  slightly  in  weight. 

"He  left  the  hospital  on  September  10.  The  change  in  his  condition  had  been 
very  remarkable.  When  admitted  he  could  scarcely  walk  to  the  bed,  and  was  pro¬ 
foundly  asthenic  and  emaciated.  The  general  appearance  had  improved  wonder¬ 
fully  ;  he  was  bright  and  active,  and  said  he  felt  vigorous.  His  weight  on  discharge 
was  118  pounds,  a  gain  of  19  pounds.  The  pigmentation  was  unaltered. 

"Since  his  discharge  he  has  been  at  work,  and  has  reported  at  the  hospital 
occasionally.  He  felt  so  well  that  throughout  the  latter  part  of  November  and 
December  he  remained  without  any  of  the  suprarenal  extract,  and  he  lost  3  pounds 
in  weight  in  that  time.” 

Rogoff  and  Stewart  (3)  treated  patients  with  Addison’s  disease  by  means 
of  a  crude  glycerol  extract  of  the  adrenal  cortex  administered  orally.  Groll- 
man  (4)  maintained  adrenalectomized  rats  by  means  of  oral  treatment  with  a 
charcoal-adsorbate  preparation  of  the  extract.  Hartman,  Thorn  and  Durant 
( 5 )  have  reported  recently  on  the  efficacy  of  a  purified  glycerol  extract  of  the 
adrenal  cortex  which  was  used  orally  in  the  treatment  of  patients  in  the  early 
stage  of  Addison’s  disease.  The  concentration  of  this  latter  extract  was  such 
that  1  cc.  of  the  purified  glycerol  preparation  represented  1.5  gm.  of  fresh 
adrenal  cortex.  The  limiting  factor  in  the  use  of  this  preparation  in  maintaining 
bilaterally  adrenalectomized  animals  and  patients  with  a  severe  form  of  Addi¬ 
son’s  disease  appeared  to  be  the  inability  to  ingest  the  necessarily  large  quan¬ 
tities  of  glycerol.  To  date  no  carefully  controlled  balance  studies  have  been 


October,  1938 


THERAPY  IN  ADRENAL  INSUFFICIENCY 


405 


made  to  determine  how  successfully  extract  administered  orally  can  replace 
injected  extract  in  regulating  the  distribution  of  electrolytes,  in  maintaining 
body  weight,  activity  and  blood  pressure  and  in  preventing  hypoglycemia  in 
patients  with  severe  Addison’s  disease  and  in  adrenalectomized  dogs.  In  the 
present  study  the  authors  have  investigated  the  effect  of  the  oral  administration 
of  a  concentrated  extract  of  adrenal  cortex  preserved  in  glycerol®  (1  cc.  of 


Fig.  1.  The  effect  of  injected  adrenal  cortical  extract  on  the  blood  concentration 
and  renal  excretion  of  electrolytes  in  the  adrenalectomized  dog.  The  animal  was  main¬ 
tained  on  a  constant  diet  which  contained  62  m.eq.  of  Na,  6i  m.eq.  of  Cl  and  30  m.eq. 


glycerol  represents  50  gm.  of  fresh  adrenal  cortex)  in  patients  with  Addison’s 
disease  and  in  bilaterally  adrenalectomized  dogs. 

STUDIES  ON  ADRENALECTOMIZED  DOGS 

Three  male  dogs  {199,  200,  202)  weighing  10  to  11  kg.  were  maintained 
in  metabolism  cages  and  provided  with  a  constant  diet  and  a  constant  fluid 

•  This  extract  was  prepared  for  us  for  experimental  use  through  the  kindness  of  Dr.  David  Klein, 
Wilson  Laboratories,  Chicago,  Illinois.  The  authors  also  wish  to  acknowledge  the  generous  quantity  of 
Wilson  adrenal  cortical  extract  (for  injection)  which  was  provided  for  this  study. 
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intake.  The  care  of  the  animals  and  the  technic  used  in  conducting  the  meta¬ 
bolic  studies  were  similar  to  methods  which  have  been  described  previously 
(6).  The  animals  were  catheterized  at  the  completion  of  each  24-hour-period, 
and  the  24-hour  urine  specimens  were  collected,  preserved  with  toluol  and 
later  analyzed  for  sodium  (7),  chloride  (8),  potassium  (9,  10),  inorganic 
phosphate  (11)  and  total  nitrogen  content  (macro-Kjeldahl).  Specimens  of 
blood  were  withdrawn  under  oil  and  without  stasis  from  the  external  jugular 
vein,  and  the  following  determinations  were  made:  hematocrit,  red  blood  cell 
coimt,  serum  protein  nitrogen  (macro-Kjeldahl),  serum  concentration  of 
sodium  (7),  chloride  (8),  potassium  (9, 10),  carbon  dioxide  combining  power 
of  the  serum  (12),  blood  non-protein  nitrogen  (13)  and  sugar  (Folin-Wu), 

Following  a  control  period  the  dogs  were  adrenalectomized,*  both  glands 
being  removed  during  a  single  operation.  Glycerol  extract  therapy  was  begun 
8  hours  after  operation.  Except  in  those  experiments  in  which  the  efficacy  of 
divided  dosage  was  being  investigated,  one-half  of  the  total  daily  dose  of  ex¬ 
tract  was  administered  at  10  a.m.  and  the  remainder  at  5  p.m.  The  glycerol 
solution  was  diluted  with  the  day’s  ration  of  water  and  administered  by  stomach 
tube.  When  quantitative  studies  were  not  being  made,  the  extract  was  mixed 
with  the  food  and  was  readily  eaten  by  the  animals.  During  the  control 
periods  an  equal  quantity  of  50  per  cent  solution  of  glycerol  was  administered. 
At  the  termination  of  the  experiments  the  withdrawal  of  extract  therapy  re¬ 
sulted  in  the  death  of  the  animals  in  all  instances  and  autopsy  established 
the  complete  absence  of  adrenal  cortical  tissue. 

Observations.  In  adrenalectomized  dogs,  maintained  on  subcutaneous  in¬ 
jections  of  adrenal  cortical  extract,  changes  in  the  24-hour  renal  excretion  of 
electrolytes  provide  one  of  the  earliest  indications  of  adrenal  insufficiency 
(fig.  1).  Within  the  first  24  hours  after  extract  is  discontinued  there  occurs 
a  marked  increase  in  urine  volume  and  in  the  renal  excretion  of  sodium  and 
chloride  (fig.  1).  Subsequently  the  usual  manifestations  of  severe  adrenal  in¬ 
sufficiency  develop,  i.e.,  loss  of  weight  and  strength,  hemo-concentration,  rise 
in  blood  non-protein  nitrogen,  decrease  in  serum  concentration  of  sodium  and 
chloride  and  retention  of  potassium. 

The  efficacy  of  orally  administered  extract  in  maintaining  a  normal  renal 
excretion  of  sodium  and  chloride  in  the  adrenalectomized  dogs  is  well  demon¬ 
strated  in  figure  2  {dog  200) .  Following  bilateral  adrenalectomy,  body  weight, 
plasma  electrolyte  concentration  and  normal  renal  excretion  of  electrolytes 
were  maintained  by  the  extract  administered  orally  twice  daily  in  equally 
divided  doses  (the  total  daily  dose  being  equivalent  to  1000  gm.  of  adrenal 
cortex).  During  a  3-day  period  in  which  treatment  was  discontinued,  there 
occurred  an  increase  in  urine  volume,  a  marked  increase  in  the  renal  excretion 
of  sodium  and  chloride  and  a  loss  of  body  weight.  Subsequent  treatment  with 
the  glycerol  extract  resulted  in  a  marked  retention  of  sodium  and  chloride  and 
a  gain  in  body  weight.  This  experiment  simulated  very  closely  that  observed  in 
the  same  dog  (fig.  1),  during  which  the  effect  of  subcutaneous  injections 

*  Under  spinal  anesthesia  a  bilateral  adrenalectomy  was  performed  by  Dr.  Warfield  M.  Firor  of  the 
Department  of  Surgery,  Johns  Hopkins  University  and  Hospital.  The  authors  wish  to  acknowledge  their 
appreciation  of  his  assistance  since  the  ability  to  conduct  an  uninterrupted  balance  study  during  the 
immediate  postoperative  period  was  largely  due  to  the  operative  technic  which  Dr.  Firor  has  per¬ 
fected. 
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of  extract  was  being  observed.  It  appears  from  this  experiment  that  the  re¬ 
quirement  of  the  glycerol  extract  is  approximately  2^  times  greater  than  the 
requirement  of  subcutaneously  inj&ted  extract. 

A  study  has  been  made  of  the  relative  effectiveness  of  administering  the 
extract  in  divided  doses.  The  oral  administration  (single  dose)  of  a  quantity 
of  extract  equivalent  to  750  gm.  of  adrenal  cortex  resulted  in  a  negative  sodium 
and  chloride  balance  (fig.  3).  Increasing  the  quantity  of  extract  to  1000  gm. 
of  cortex  (single  dose)  reduced  the  negative  balance  somewhat  but  did  not 
restore  renal  excretion  to  the  control  level.  The  latter  dose  (1000  gm.), 
however,  administered  in  divided  doses  (one-half  the  total  quantity  at  10 


Fig.  2.  The  effect  of  oral  adrenal  cortical  extract  on  the  renal  excretion  of 
electrolytes  in  the  adrenalectomized  dog.  The  animal  was  maintained  on  a  constant 
diet  which  contained  62  m.eq.  of  Na,  63  m.eq.  of  Cl  and  30  m.eq.  of  K. 


a.m.,  and  the  remainder  at  5  p.m.)  completely  restored  the  balance  to  normal 
(fig.  3). 

To  test  the  eflicacy  of  orally  administered  glycerol  extract  in  preventing  the 
usual  diuresis  of  sodium  and  chloride  which  occurs  after  bilateral  adrenalec¬ 
tomy  (14,  15)  dog  202  (fig.  4)  was  bilaterally  adrenalectomized  at  one  opera¬ 
tion,  and  maintained  postoperatively  for  a  period  of  13  days  with  oral  ex¬ 
tract  on  a  diet  of  high  potassium  and  low  sodium  and  chloride  content  (this 
diet  is  considered  to  be  very  unfavorable  for  the  survival  of  adrenalectomized 
dogs).  Despite  the  removal  of  both  glands  at  one  operation  and  the  unfav¬ 
orable  diet,  the  animal’s  body  weight  was  maintained  and  the  characteristic 
sodium  and  chloride  diuresis  was  prevented.  The  serum  concentration  of  so¬ 
dium,  chloride,  potassium  and  the  blood  level  of  non-protein  nitrogen  and 
sugar  remained  normal.  Following  this  experiment  the  animal  was  used  for 
other  studies.  At  a  later  date  withdrawal  of  extract  resulted  in  the  death  of  the 
animal  (4  days)  and  autopsy  established  the  complete  absence  of  adrenal  cor¬ 
tical  tissue. 
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Concerning  the  ultimate  survival  of  bilaterally  adrenalectomized  dogs  on 
the  glycerol  extract  it  should  be  stated  that  dog  200  was  maintained  in  ex¬ 
cellent  health  for  a  period  of  56  days  and  dog  199  for  a  period  of  39  days, 
after  which  both  animals  were  used  for  other  experiments.  Finally,  when  all 
studies  were  completed,  withdrawal  of  extract  treatment  without  any  change 
in  diet  resulted  in  prompt  death  of  the  animals.  Autopsy  established  the  com¬ 
plete  absence  of  adrenal  cortical  tissue. 


Fig.  3.  The  effect  of  varying  the  quantity  and  frequency  of  administration  of  oral 
adrenal  cortical  extract  on  the  renal  excretion  of  S(^ium  and  chloride  (adrenalectomized  dog). 
Throughout  this  study  the  animal  was  maintained  on  a  constant  diet  which  contained 
62  m.eq.  of  Na,  63  m.eq.  of  Cl  and  30  m.eq.  of  K. 

STUDIES  ON  PATIENTS  WITH  ADDISON’S  DISEASE 

Five  patients  with  Addison’s  disease  were  studied  on  the  metabolism  ward 
of  the  Johns  Hopkins  Hospital.  In  3  of  these  patients  (D.  W.,  C.  N.,  M.  M.)  it 
had  been  shown  previously  that  withdrawal  of  extract  without  any  change 
in  sodium  chloride  intake  (10  gm.  daily)  resulted  in  the  development  of  signs 
and  symptoms  of  adrenal  insufficiency,  i.e.,  increased  renal  excretion  of  sodium 
and  chloride,  decreased  appetite,  loss  of  strength,  reduction  in  blood  pressure 
and  body  weight,  lowering  of  the  plasma  concentration  of  sodium  and  chloride, 
hemoconcentration  and  hypoglycemia.  Patient  D.  W.  had  received  injections 
of  extract  twice  daily  for  a  period  of  5  years,  patient  C.  N.  for  a  period  of 
2  years,  and  patient  M.  M.  for  approximately  1  year.  At  no  time  during  these 
periods  was  it  possible  to  maintain  these  patients  without  extract  by  means 
of  either  a  high  sodium  or  a  low  potassium  diet.  In  the  remaining  two  pa¬ 
tients  (£.  V.  and  /.  P.)  the  degree  of  adrenal  insufficiency  was  less  marked,  since 
it  was  possible  to  keep  them  in  fair  health  by  means  of  a  high  intake  of  sodium 
salts  (10  to  12  gm.  daily). 
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Methods.  For  balance  studies  the  patients  were  provided  with  a  constant 
diet  and  a  constant  fluid  intake.  The  technic  used  in  conducting  the  metabolic 
studies  was  similar  to  that  which  has  been  described  previously  (16).  Speci¬ 
mens  of  blood  were  withdrawn  under  oil  and  without  stasis  from  the  ante- 
cubital  vein.  Twenty-four-hour  urine  specimens  were  collected  and  preserved 
with  toluol.  Analysis  of  both  blood  and  urine  specimens  was  carried  out  in 
a  manner  similar  to  that  described  in  the  experiments  on  adrenalectomized 
dogs. 

Observations.  Subcutaneous  injections  of  adrenal  cortical  extract  have  been 
found  to  produce  a  prompt  and  striking  change  in  the  renal  excretion  of  elec- 


Fig.  4.  The  effectiveness  of  oral  adrenal  cortical  extract  in  preventing  the 
diuresis  of  sodium  and  chloride  which  normally  follows  adrenalectomy  in  dogs. 
The  animal  was  maintained  on  a  constant  diet  of  low  Na  and  Cl  and  high  K  content 
(Na  18  m.eq..  Cl  18  m.eq.  and  K  30  m.eq.). 


trolytes  in  patients  with  Addison’s  disease  ( 1 ) .  Studies  made  on  patient  £.  V . 
(fig.  5)  demonstrate  the  similarity  in  the  action  of  orally  administered  and 
injected  extracts.  Following  a  control  period,  glycerol  extract  (equivalent  to 
600  gm.  of  fresh  adrenal  cortex,  total  daily  dose)  administered  orally  in 
divided  doses  (one  third  of  the  total  dose  at  8  a.m.,  4  p.m.  and  8  p.m. 
respectively),  resulted  in  a  marked  retention  of  sodium  and  chloride  and  a 
gain  in  body  weight.  During  5  days  of  treatment  the  retention  of  sodium  and 
chloride  as  compared  to  the  control  period  amounted  to  approximately  40 
m.eq.  per  day  (2.3  gm.  of  NaCl).  Withdrawal  of  the  glycerol  extract  was 
followed  by  an  increased  urine  volume,  an  increased  excretion  of  sodium  and 
chloride  and  a  decrease  in  body  weight.  Subcutaneous  injections  of  the  equiva¬ 
lent  of  one  half  the  quantity  of  extract  administered  orally  resulted  in  a 
similar  retention.  Qualitatively  the  action  of  the  two  extracts  was  similar,  quan¬ 
titatively  it  required  at  least  twice  as  much  extract  by  mouth  to  produce  the 
same  effect  as  by  subcutaneous  injection.  This  ratio  corresponds  closely  to  that 
observed  in  experiments  on  adrenalectomized  dogs,  in  which  the  ratio  of  oral 
extract  to  injected  was  found  to  be  approximately  2.5  to  1. 

The  effect  of  the  oral  administration  of  the  glycerol  extract  on  the  renal 
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excretion  of  electrolytes  was  also  noted  in  patients  M.  M.  and  /.  P.  In  patient 
M.  AI.  glycerol-extract  treatment  (800  gm.  cortex  daily)  resulted  in  a  decreased 
renal  excretion  of  sodium  and  chloride  (0.84  gm.  NaCl  per  day)  as  compared 
to  the  control  period  (table  1 ) .  Similarly  in  patient  /.  P.  during  a  4-day  period 
of  observation  glycerol-extract  treatment  (600  gm.  cortex  daily)  resulted  in  a 
decreased  renal  excretion  of  sodium  and  chloride  (0.8  gm.  NaCl  daily)  as 
compared  to  a  control  period  of  the  same  duration. 

The  effectiveness  of  the  glycerol  extract  in  maintaining  body  weight  and 
the  serum  concentration  of  electrolytes  was  noted  in  patient  M.  M.  (table  2). 
This  patient  (see  protocol  M.  Al.)  had  been  maintained  on  glycerol  extract 


Table  1.  Effect  of  oral  adrenal  cortical  extract  on  the  renal  excretion 
OF  SODIUM  AND  CHLORIDE  IN  PATIENT  M.  M.  (aDDISOn’s  DISEASE) 


Nov.  15,  1937  141.8  103.8  54.1  Glycerol  extract  was  discontinued 

Nov.  24,  1937  134.9  94.8  53.1  on  Nov.  21,  1937  and  resumed  on 

Dec.  7,  1937  139.2  101.4  53.8  Nov.  25,  1937. 


*  During  the  period  of  withdrawal,  a  control  solution  (JO  per  cent  glycerol)  was  administered. 
Throughout  this  study  the  patient  was  maintained  on  a  constant  diet  which  contained  2J7  m.eq.  of 
sodium,  261  m.eq.  of  chloride  and  72.4  m.eq.  of  potassium. 

(400  gm.  of  fresh  cortex)  in  addition  to  10  to  12  gm.  of  sodium  chloride 
for  a  period  of  several  weeks  prior  to  this  study.  On  November  15,  1937  the 
serum  concentration  of  sodium  and  chloride  was  found  to  be  141.8  m.eq.  and 
103.8  m.eq.  per  liter  respectively,  and  the  body  weight  54.1  kg.  Glycerol  ex¬ 
tract  was  discontinued  on  November  21,  1937,  the  sodium  chloride  (10  to 
12  gm.  daily)  being  continued.  On  November  24,  1937  (3  days  later)  the 
patient’s  condition  was  so  poor  that  it  was  felt  inadvisable  to  continue  the 
withdrawal  period  further.  The  patient’s  weight  had  decreased  from  54.1 
kg.  to  53.1  kg.  and  the  serum  concentration  of  sodium  and  chloride  had  been 
lowered  to  134.9  and  94.8  m.eq.  per  liter  respectively  (table  2).  Glycerol 
extract  was  again  begun,  and  on  December  7,  1937  body  weight  and  serum 
concentration  of  electrolytes  had  increased  almost  to  normal  levels. 

'The  glycerol  extract  (400  gm.  of  fresh  cortex  per  day)  which  is  approxi¬ 
mately  twice  the  quantity  of  extract  necessary  when  administered  subcutane¬ 
ously  twice  daily,  has  now  been  substituted  successfully  for  a  period  of  6 
months.  Throughout  this  entire  study  this  patient  received  10  to  12  gm.  NaCl 
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daily.  At  present  the  patient  is  feeling  very  well  and  is  able  to  carry  on  her 
duties  as  housewife  with  no  appreciable  limitation  of  activity.  Blood  studies 
made  6  months  after  instituting  glycerol-extract  treatment  were  found  to  be 
as  follows:  serum  sodium  141.7  and  serum  chloride  103.2  m.eq.  per  liter, 
CO2  combining  power  51.3  volumes  per  cent,  non-protein  nitrogen  26  mg. 
per  cent,  fasting-blood  sugar  81  mg.  per  cent,  serum  protein  6.77  gm.  per  cent, 
hematocrit  38  per  cent  cells,  hemoglobin  11.8  gm.  per  cent  and  red  blood 
cells  4.3  million  per  cu.  mm. 

Patient  C.  N.  (see  protocol)  had  been  treated  with  injected  extract  (80 
to  200  gm.  of  fresh  cortex  daily)  and  12  gm.  of  sodium  chloride  per  day 
for  a  period  of  14  months  before  substitution  with  glycerol  extract  was  at¬ 
tempted.  In  October  1937  glycerol  extract  (400  gm.  of  fresh  cortex  per  day  in 
divided  doses)  was  substituted  for  injected  extract.  The  sodium  chloride  con¬ 
tent  of  the  diet  (12  gm.  daily)  was  kept  constant.  The  patient  gained  weight 
and  felt  well.  Reduction  of  the  oral  extract  from  400  to  200  gm.  daily  re¬ 
sulted  in  a  loss  of  body  weight  and  loss  of  strength.  Resumption  of  the  original 
dose  (400  gm.  of  cortex  per  day)  resulted  in  weight  gain  and  increased 
strength.  In  this  patient  glycerol  extract  (400  to  600  gm.  of  cortex  daily)  has 
now  been  substituted  successfully  for  injected  extract  during  a  period  of  7 
months,  the  sodium  chloride  intake  (12  gm.  daily)  remaining  constant 
throughout. 

Five  months  after  treatment  with  glycerol  extract  was  instituted,  the  pa¬ 
tient  was  able  to  return  to  part-time  work  as  a  telephone  operator.  This  is  the 
first  time  in  more  than  two  years  that  this  patient  had  been  able  to  work. 
Blood  studies  made  7  months  after  substituting  glycerol  extract-treatment  were 
found  to  be  as  follows:  serum  sodium  143.5  m.eq.  per  liter,  serum  chloride 
104.2  m.eq.  per  liter,  COg  combining  power  54.1  volumes  per  cent,  non¬ 
protein  nitrogen  34  mg.  per  cent,  fasting  sugar  77  mg.  per  cent,  serum  protein 
6.20  gm.  per  cent,  hematocrit  44  per  cent  cells,  hemoglobin  15  gm.  per  cent 
and  red  blood  cells  4.60  million  per  cu.  mm. 

Patient  D.  IF.  (see  protocol)  had  been  maintained  on  extract  (120  to 
200  gm.  of  fresh  cortex  daily)  injected  2  or  3  times  daily,  and  6  to  10  gm. 
sodium  chloride  daily  from  June  1933  until  December  1937.  Numerous  un¬ 
successful  attempts  had  been  made  during  these  4  years  to  discontinue  injected 
extract.  Since  1936  this  patient  has  been  able  to  carry  on  a  full-time  position 
as  secretary.  In  December  1937,  glycerol  extract  (500  to  600  gm.  of  cortex 
daily)  was  substituted  for  the  injected  extract,  the  sodium  chloride  6  to  10  gm. 
daily  being  continued.  Blood  examinations  made  at  the  time  glycerol  extract 
was  substituted  were  found  to  be  normal.  Body  weight  was  54.5  kg.,  the 
systolic  blood  pressure  115  and  the  diastolic  75  mm.  of  Hg.  Five  months 
after  glycerol  extract  was  substituted  the  patient  weighed  59.1  kg.,  the  sys¬ 
tolic  blood  pressure  was  found  to  be  120  and  the  diastolic  80  mm.  of  Hg. 
Blood  studies  made  at  this  time  were  found  to  be  as  follows:  serum  sodium 
140.4  m.eq.  per  liter,  serum  chloride  102.4  m.eq.  per  liter,  COj  combining 
power  61.7  volumes  per  cent,  non-protein  nitrogen  30  mg.  per  cent,  fasting 
sugar  104  mg.  per  cent,  serum  protein  5.86  gm.  per  cent,  hematocrit  42.2  per 


412 


G.  W.  THORN,  K.  EMERSON,  JR.,  AND  H.  EISENBERG  Volume  23 


cent  cells,  hemoglobin  13.5  gm.  per  cent.  Red  blood  cells  4.10  millions  per  cu. 
mm. 

DISCUSSION 

In  the  adrenalectomized  dog  and  in  the  patient  with  Addison’s  disease, 
maintained  on  a  constant  metabolic  regimen,  changes  in  the  24-hour  renal 
excretion  of  electrolytes  provide  one  of  the  earliest  and  most  sensitive  indi¬ 
cators  of  a  change  in  the  condition  of  the  animal  or  patient.  Within  24  hours 
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Fig.  5.  A  comparison  between  the  effectiveness  of  oral  and  injected  extract  on  the 
renal  excretion  of  sodium  in  a  patient  with  Addison’s  disease.  Throughout  this  study, 
patient  £.  y.  was  maintained  on  a  constant  diet  which  included  Na  260.8  m.eq..  Cl.  263.7 
m.eq.  and  K  77.1  m.eq. 


after  injected  extract  is  discontinued  there  occurs  a  marked  diuresis  accom¬ 
panied  by  an  increased  renal  excretion  of  sodium  and  chloride.  Potassium  ex¬ 
cretion  is  reduced.  Injections  of  adrenal  cortical  extract  result  within  24  hours 
in  a  retention  of  sodium  and  chloride  and  an  increased  renal  excretion  of  po¬ 
tassium.  The  observations  in  this  study  indicate  that  in  both  man  and  dog  the 
oral  administration  of  glycerol  extract  produces  the  same  effect  as  injected 
extract  on  the  renal  excretion  of  electrolytes.  It  also  appears  that  man  and 
dog  are  much  alike  in  the  relationship  between  the  requirement  of  injected 
extract  and  orally  administered  glycerol  extract  (approximately  1 : 2.5  in  both) . 

Small  quantities  of  glycerol  extract  given  frequently  are  more  efficacious 
than  a  single  large  dose  (5).  Although  glycerol  appears  to  give  a  certain 
amount  of  protection  to  the  adrenal  cortical  hormone  ( 5 ) ,  glycerol  alone  has 
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no  beneficial  effect  either  upon  adrenalectomized  dogs  or  patients  with  Addi¬ 
son’s  disease.  Its  continued  administration  orally  over  long  periods  of  time 
(1  to  3  years)  has  not  been  attended  by  any  untoward  effects.  These  observa¬ 
tions  confirm  those  of  Carlson,  et  al  (17)  made  on  normal  animals  and 
normal  subjects. 

In  patients  D.  W.,  M.  M.  and  C.  N.  oral  extract  was  substituted  successfully 
for  injected  extract.  During  this  entire  study  the  patients  were  maintained  on 
8  to  12  gm.  of  sodium  chloride  daily.  Although  it  was  shown  that  sodium 
chloride  in  this  dose  was  not  sufficient  to  prevent  a  relapse,  it  cannot  be 
claimed  that  in  these  studies  oral  extract  provided  complete  replacement  ther¬ 
apy.  Because  of  the  limited  supply  of  extract  complete  replacement  therapy 
was  attempted  only  in  bilaterally  adrenalectomized  dogs  in  which  proof  of 
complete  absence  of  functioning  adrenal  cortical  tissue  could  be  established. 

Some  form  of  hormone  therapy  appears  to  be  necessary  for  most  patients 
with  Addison’s  disease  if  they  are  to  be  improved  sufficiently  to  return  to  work. 
A  high  intake  of  sodium  salts  reduces  greatly  the  requirement  of  extract,  but 
rarely  in  severe  cases  permits  full  resumption  of  normal  activity.  A  low  potas¬ 
sium  diet  has  not  proved  to  be  practical  for  most  patients  and  is  certainly 
not  necessary  when  hormone  therapy  is  used. 

Special  consideration  should  be  given  to  the  fact  that  patients  in  adrenal 
crisis  should  be  treated  by  parenteral  administration  of  extract.  Oral  therapy 
should  be  reserved  for  maintenance  only.  Because  of  the  present  cost  of  adrenal 
cortical  extracts  it  is  much  more  economical  to  raise  the  patient  to  a  high  level 
of  activity  with  adequate  doses  of  injected  extract  combined  with  a  generous 
intake  of  sodium  salts.  Once  having  established  the  patient  in  a  good  physical 
state,  glycerol  extract  in  2  to  3  times  the  daily  requirement  of  injected  extract 
may  be  substituted  with  safety  if  the  sodium  chloride  intake  is  kept  high. 
It  is  hoped  that  the  demonstration  of  the  effectiveness  of  extract  administered 
orally  and  its  usefulness  in  the  treatment  of  Addison’s  disease  will  stimulate 
its  wider  use  and  will  result  in  the  availability  of  less  expensive  extracts. 

SUMMARY 

'The  oral  administration  of  a  concentrated  extract  of  the  adrenal  cortex 
preserved  in  glycerol  has  resulted  in  a  decrease  in  the  renal  excretion  of  sodium 
and  chloride  and  an  increased  potassium  excretion  in  patients  with  Addison’s 
disease  and  in  bilaterally  adrenalectomized  dogs.  Glycerol-extract  treatment 
has  prevented  the  usual  sodium  and  chloride  diuresis  which  follows  bilateral 
adrenalectomy  in  the  dog.  Bilaterally  adrenalectomized  dogs  have  been  main¬ 
tained  successfully  on  the  glycerol  preparation  for  prolonged  periods.  In  man 
and  dog  the  ratio  of  the  amount  of  extract  administered  twice  daily  by  mouth 
as  compared  to  extract  administered  twice  daily  by  injection  is  approximately 
2.5 : 1.  No  toxic  effects  have  been  observed  from  the  administration  of  10  to  20 
cc.  of  glycerol  per  day.  Extract,  administered  orally,  should  not  be  used  in  the 
treatment  of  acute  Addisonian  crisis. 

The  authors  are  indited  to  Miss  Katherine  Nelson,  Supervisor  of  the  Metabolism  Ward, 
Miss  Elizabeth  Olsen,  Dietician-in-charge  of  the  Metabolism  Ward,  and  Mrs.  Florence  White, 
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Bio-chemical  Laboratory  of  the  Johns  Hof^ns  Hospital,  for  their  continued  assistance  and 
cooperation  in  this  study. 

CASE  PROTOCOLS 

/,  P.,  a  40-year-old  Italian  housewife,  was  admitted  to  the  Johns  Hopkins  Hos¬ 
pital  on  Oct.  21,  1937,  complaining  of  weakness,  weight  loss  and  pigmentation 
of  the  skin  of  3  years’  duration.  Present  illness  began  in  1934  when  the  patient 
first  began  to  notice  brownish  black  freckles  on  her  forearms.  These  became  more 
numerous,  and  the  skin  over  the  exposed  parts  slowly  began  to  assume  a  brownish 
hue.  This  pigmentation  gradually  became  deeper  and  spread  until  her  whole  body 
had  become  a  chocolate  brown.  During  this  time  she  steadily  lost  weight  in  spite 
of  a  good  appetite.  During  the  year  preceding  admission  she  had  noticed  increas¬ 
ing  fatigue,  weakness  and  anorexia.  From  a  weight  of  104.5  kg.  at  onset  of  her 
illness  she  dropped  to  66.3  kg.  Family  history  was  non-contributory,  and  there 
was  no  history  of  exposure  to  tuberculosis.  In  the  past,  the  patient  had  always  been 
in  excellent  health,  very  stout,  a  hearty  eater  and  a  heavy  worker.  About  once  a 
winter  she  had  had  a  cold  with  a  sore  throat.  For  2  years  previous  to  her  present 
illness,  she  had  suffered  with  frequent  severe  throbbing  parietal  and  occipital  head¬ 
aches,  sometimes  associated  with  vomiting.  These  disappeared  at  the  onset  of  her 
present  illness.  Menses  had  always  been  normal.  She  had  had  one  normal  pregnancy 
in  1920  and  one  miscarriage  5  months  later. 

Physical  examination  on  admission  revealed  a  fairly  active  woman  appearing 
moderately  weak  and  showing  evidence  of  marked  loss  of  weight.  The  tempera¬ 
ture  was  98.2°F.,  pulse  rate  72,  respirations  18  and  blood  pressure  133/95.  There 
was  a  striking  dark  brown  pigmentation  of  the  skin  of  the  whole  body,  somewhat 
deeper  in  color  over  the  face,  neck  and  forearms  and  almost  black  in  the  creases 
of  the  knuckles,  elbows  and  axillae.  The  palms  and  soles,  however,  were  prac¬ 
tically  normal  in  color,  resulting  in  a  negroid  appearance.  There  were  numerous 
small  black  nevi  scattered  over  the  upper  trunk,  and  the  blotchy  pigmentation  of 
the  lips  and  buccal  mucous  membrane  was  extremely  marked.  The  eyes  were  normal 
except  for  very  mild  narrowing  of  the  retinal  arteries.  The  heart  sounds  were 
rather  distant  and  of  poor  quality.  A  soft  systolic  murmur  was  heard  at  both  base 
and  apex.  The  peripheral  vessels  were  soft  and  the  radial  pulses  were  equal  but 
feeble.  'The  remainder  of  the  physical  examination  was  normal. 

The  laboratory  findings  were  as  follows:  Hb.  13.4  gm.,  r.b.c.  4.2  million, 
w.b.c.  4,000,  polymorphonuclears  60  per  cent,  lymphocytes  36  per  cent,  monocytes  3 
per  cent,  eosinophiles  1  per  cent,  hematocrit  40  per  cent  cells.  Specific  gravity  of  the 
urine  was  1.019  and  the  urine  contained  2  plus  albumen.  The  blood  Wassermann 
showed  negative  findings  and  the  blood  chemistry  examination  revealed  blood  sugar 
74  mg.  per  cent,  N.P.N.  28  mg.  per  cent,  plasma  CO^  52.2  volumes  per  cent,  total 
plasma  protein  6.44  gm.  per  cent,  plasma  concentration  of  sodium  138.6  m.eq.  and 
of  chloride  100.0  m.eq.  per  liter.  X-rays  showed  some  non-tuberculous  infiltration  of 
the  luings,  a  normal  heart  and  aorta,  and  no  intra-abdominal  calcification.  Skull  plates 
were  normal.  Electro-cardiogram  showed  low  voltage  and  an  inversion  of  the  T-waves. 
Basal  metabolic  rate  was  -f-  17  per  cent. 

During  the  first  week  the  patient  was  allowed  to  eat  as  she  desired  without  extra 
salt.  She  gradually  became  w^er,  appetite  failed  and  she  lost  weight.  On  Nov.  2, 
1937  the  plasma  concentration  of  sodium  was  127  m.eq.  and  of  chloride  91  m.eq., 
the  N.P.N.  had  risen  to  42  mg.  per  cent.  Hematocrit  was  still  40  per  cent  cells. 
Improvement  followed  the  subcutaneous  injection  of  extract,  however,  and  by  Nov. 
8th  the  plasma  sodium  had  risen  to  138.6  m.eq.  and  chloride  to  99.6  m.eq.  From 
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then  on  she  continued  to  feel  well,  and  was  discharged  Nov,  20,  1937  on  10  gm.  of 
sodium  chloride  daily  without  extract. 

Since  Jan.  1938,  this  patient  has  been  receiving  2  cc.  (80  gm.  of  adrenal  cortex) 
of  injected  extract  in  addition  to  the  daily  intake  of  10  gm.  of  sodium  chloride. 
On  a  recent  examination  (May  8,  1938)  she  was  found  to  have  a  systolic  blood 
pressure  of  over  150  mm.  of  Hg,  which  confirms  the  suspicion  that  she  may  have 
had  some  degree  of  hypertension  preceding  the  onset  of  adrenal  insufiiciency, 

E.  V.,  a  Greek  male  store  clerk,  39  years  of  age,  was  admitted  to  the  Johns 
Hopkins  Hospital  Aug.  10,  1937  complaining  of  abdominal  pain,  progressive  weak¬ 
ness  and  darkening  of  the  skin.  Two  and  one  half  years  before  admission  the  patient 
began  to  suffer  from  nausea,  vomiting  and  upper  abdominal  pain.  A  diagnosis  of 
cholecystitis  was  made  at  this  time,  and  a  chronically  inflamed  gall  bladder  was 
removed.  The  postoperative  course  was  stormy,  and  the  patient  never  fully  regained 
his  strength.  IDuring  the  2  years  prior  to  his  present  admission,  his  skin  had  be¬ 
come  darker  and  he  had  had  recurrent  attacks  of  nausea  and  vomiting  with  slowly 
progressive  weakness.  One  year  before  admission  he  had  been  forced  to  give  up 
work.  During  his  present  illness  he  had  lost  12.7  kg.  The  family  history  was  non¬ 
contributory,  and  there  was  no  history  of  exposure  to  tuberculosis.  The  patient  had 
had  chickenpox  and  measles  in  childhood  and  influenza  in  1918.  Appendectomy 
had  been  performed  in  1921. 

On  admission,  the  patient  was  found  to  be  very  weak,  and  there  was  evidence 
of  marked  weight  loss.  His  temperature  was  99°F.,  pulse  rate  88,  respirations  24 
and  body  weight  51.9  kg.  His  skin  was  uniformly  dark  brown,  with  an  increase 
in  the  degree  of  pigmentation  in  the  folds  of  the  axillae  and  palms.  There  was 
a  diflFuse  bluish  black  speckled  pigmentation  on  the  buccal  membrane.  The  blood 
pressure  was  78/44  mm.  Hg,  and  the  heart  sounds  were  very  distant.  The  abdomen 
was  normal  except  for  pigmented  operative  scars  in  the  right  upper  and  lower 
quadrants.  Rectal  examination  revealed  large,  painful  protruding  hemorrhoids. 
The  remainder  of  the  physical  examination  was  normal. 

Laboratory  examination  on  admission  revealed  the  following:  Hb.  74  per  cent, 
r.b.c.  4.34  million,  w.b.c.  3,880,  polymorphonuclears  59  per  cent,  lymphocytes  32  per 
cent,  monocytes  4  per  cent,  eosinophiles  1  per  cent,  basophiles  4  per  cent.  The  urine 
was  normal.  The  blood  Wassermann  gave  negative  findings,  the  fasting  blood  sugar 
90  mg.  per  cent,  the  blood  N.P.N.  60  mg.  per  cent,  the  plasma  concentration  of  sodium 
130.7  m.eq.,  chloride  97.4  m.eq.  and  potassium  4  m.eq.  per  liter.  X-rays  of  the  chest 
and  abdomen  showed  negative  findings.  A  tuberculin  test  was  positive  (.001  mg.) . 

On  a  high  sodium,  low  potassium  diet,  the  patient  gained  strength  and  weight, 
and  the  plasma  electrolytes  returned  to  a  normal  concentration  in  one  week.  How¬ 
ever,  a  normal  sodium  and  chloride  serum  concentration  was  not  maintained  con¬ 
tinuously  in  spite  of  the  high  intake  of  sodium  salts.  The  patient  was  discharged 
Aug.  25,  1937,  weighing  53.7  kg.,  with  instructions  to  tjJce  12  gm.  of  sodium 
chloride  daily.  He  continued  in  fair  health  although  his  appetite  was  poor,  and 
he  never  felt  strong  enough  to  return  to  work.  Since  Dec.  1937  the  patient  has 
been  receiving  4  cc.  (160  gm.  of  adrenal  cortex)  of  injected  extract  and  12  gm. 
of  sodium  chloride.  There  has  been  a  definite  increase  in  his  strength  and  appetite. 

D.  W.,  a  white  single  female  secretary,  25  years  of  age,  was  admitted  to  the 
Johns  Hopkins  Hospital  on  April  18th  for  observation.  She  was  a  known  case  of 
Addison’s  disease,  whose  symptoms  first  began  in  the  summer  of  1932  shortly 
after  a  severe  attack  of  scarlet  fever  complicated  by  Vincent’s  angina.  At  this  time 
she  began  to  lose  strength  and  energy.  She  complained  of  dizzy  spells,  loss  of  ap- 
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petite  and  weight.  She  gradually  became  weaker  until  March  1933,  when  she  was 
confined  to  bed.  During  this  period  of  approximately  8  months  she  lost  18.1  kg. 
in  weight,  and  noticed  an  increase  in  the  number  of  dark  freckles  on  her  face 
and  body. 

She  was  first  seen  by  one  of  us  (G.  W.)  in  June  1933,  at  which  time  she 
weighed  54.5  kg.  Her  blood  pressure  was  108/80  mm.  Hg.  Physical  examination 
revealed  a  thin,  tired  girl  complaining  of  headache  and  dizziness,  and  so  weak 
that  she  could  not  sit  up  in  bed.  There  was  excessive  dark  freckling  of  the  skin 
over  the  face,  neck,  trurdc  and  upper  extremities  and  a  patch  of  fawn-colored  pig¬ 
mentation  on  the  right  leg.  The  eyes  were  slightly  prominent  and  the  thyroid  was 
slightly  enlarged.  No  thrill  or  bruit  was  noted  over  the  gland.  The  heart,  lungs 
and  abdomen  were  normal.  There  was  slight  pitting  edema  of  the  feet  and  ankles. 

During  the  next  month  her  weight  dropped  to  48.6  kg.  and  her  blood  pres¬ 
sure  to  98/60  mm.  Hg.  At  this  time  she  appeared  to  be  on  the  verge  of  a  crisis. 
In  July  1933  she  was  started  on  cortin  injections  subcutaneously,  and  from  then 
on  began  to  show  steady  improvement.  Within  a  year  she  had  regained  her  weight 
and  was  up  and  about.  G>rtical  extract  therapy  in  conjunction  with  a  high  salt 
intake  (8-10  gm.  daily)  has  been  continued  ever  since.  On  several  occasions  with¬ 
drawal  of  cortical  extract  resulted  in  a  prompt  recurrence  of  symptoms,  even  though 
sodium  chloride  (8-10  gm.  daily)  was  continued.  Her  daily  requirement  of  injected 
extract  has  been  approximately  160-240  gm.  cortex  per  day  administered  in 
divided  doses.  For  the  past  3  years  she  has  worked  as  a  secretary  6  hours  a  day. 
Oral  cortical  extract  in  glycerol  was  substituted  for  injected  extract  on  December 
18,  1937  (see  text)  and  during  the  ensuing  5  months  she  has  been  symptom-free 
and  feeling  stronger  than  at  any  time  since  the  onset  of  her  illness.  On  April  25, 
1938  plasma  concentration  of  sodium  was  141.8  m.eq.  and  chloride  98.2  m.eq. 
per  liter. 

C.  N.,  a  married,  female  telephone  operator,  34  years  of  age,  was  admitted  to 
the  Johns  Hopkins  Hospital  on  June  3,  1936  complaining  of  weakness,  weight 
loss,  nausea  and  vomiting.  Three  years  before  admission  the  patient  had  noticed 
increasing  fatigue  and  some  darkening  of  her  skin.  Four  months  before  admission 
marked  weakness  was  noted  and,  in  addition,  throbbing  headaches  and  attacks  of 
nausea  and  vomiting  occurred  with  increasing  frequency.  For  two  weeks  before 
admission  nausea  had  been  present  almost  constantly  and  the  patient  had  been 
confined  to  bed.  During  her  illness  she  had  lost  15.9  kg.  in  weight.  Until  the 
present  illness  her  menses  had  been  normal.  For  one  year  prior  to  admission  her 
menses  had  been  irregular,  and  for  4  months  prior  to  admission  they  had  been 
absent.  Her  family  history  was  non-contributory,  and  there  was  no  known  exposure 
to  tuberculosis.  During  childhood  the  patient  had  had  pneumonia  and  otitis  media. 
Each  winter  she  had  had  moderately  severe  head  colds,  sometimes  accompanied 
by  sore  throats.  In  1932  and  again  in  1933  she  had  had  a  peritonsillar  abscess. 

Physical  examination  on  admission  June  2,  1936  revealed  a  pale  woman,  who 
appeared  to  be  rather  weak  and  showed  evidence  of  considerable  weight  loss.  Her 
temperature  was  97.2®F.,  pulse  rate  82,  respirations  20  and  blood  pressure  86/60 
mm.  Hg.  Her  skin  was  delicate  and  very  slightly  tanned.  There  was  dark  pigmenta¬ 
tion  of  the  borders  of  the  lips  and  a  large  blotchy  brown  area  over  the  lower  left 
abdomen.  The  heart  sounds  were  distant  and  of  poor  quality,  and  the  radial  pulses 
were  feeble.  The  physical  examination  was  otherwise  normal. 

The  laboratory  findings  were  as  follows:  Hb.  106  per  cent,  r.b.c.  5.3  million 
(hemoconcentration),  w.b.c.  12,750,  polymorphonuclears  64  percent,  lymphocytes  26 
per  cent,  monocytes  8  per  cent,  eosinophiles  2  per  cent,  basophiles  1  per  cent,  cell 
volume  48  per  cent,  blood  Wassermann  test  negative,  N.P.N.  46  mg.  per  cent,  sugar 
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80  mg.  per  cent,  plasma  sodium  concentration  138.9  m.eq.  per  liter  and  the  B.M.R. 
—  1 1  per  cent.  The  urine  was  normal. 

A  trial  of  salt  deprivation  was  begun,  and  in  3  days  a  typical  Addisonian  crisis 
occurred.  (This  procedure  was  not  carried  out  by  the  authors,  who  feel  that  salt 
withdrawal  involves  an  unjustified  risk  in  these  patients.)  Plasma  sodium  con¬ 
centration  fell  from  a  level  of  138.9  m.eq.  to  124  m.eq.;  plasma  chloride  was 
84.2  m.eq.  at  this  time,  and  the  fasting  blood  sugar  value  dropped  to  62  mg. 
per  cent.  The  patient  became  semicomatose,  the  blood  pressure  being  66/44  mm. 
Hg.  Rapid  recovery  followed  the  administration  of  cortical  extract  and  the  intra¬ 
venous  infusion  of  sodium  chloride  and  glucose.  The  patient  was  maintained  on 
parenteral  extract  and  a  high  salt  intake,  and  was  discharged  on  June  20,  1936, 
feeling  somewhat  weak  but  otherwise  improved. 

During  the  next  year  the  patient  continued  to  be  in  fair  health  although  she 
was  never  strong  enough  to  do  her  housework,  it  being  necessary  for  her  to  spend 
much  of  the  time  in  bed.  On  Aug.  28,  1937  she  was  admitted  to  the  hospital  in 
a  severe  crisis  which  had  been  coming  on  gradually  for  the  preceding  two  weeks 
as  evidenced  by  weight  loss,  anorexia  and  increasing  weakness.  She  was  extremely 
dehydrated  and  found  to  have  a  blood  sugar  of  24  mg.  per  cent.  Following  large 
amounts  of  salt  and  glucose  by  vein  and  extract  by  vein  and  subcutaneously  she 
improved  rapidly  and  remained  well  on  injected  extract  and  a  high  salt  (10-12 
gm.  NaCl  daily)  and  carbohydrate  intake. 

Since  Sept.  18,  1937  oral  extract  has  been  substituted  for  injected  (see  text). 
Her  health  continued  to  improve,  and  5  months  later  she  was  able  to  return  to 
her  former  job  on  a  part-time  basis  in  addition  to  doing  her  own  housework  and 
gardening.  On  March  29,  1938  the  plasma  concentration  of  sodium  was  143.5 
m.eq.  and  chloride  104.2  m.eq.  per  liter. 

M.  M.,  a  27-year-old  Lithuanian  housewife,  was  first  admitted  to  the  Johns 
Hopkins  Hospital  on  May  11,  1937  because  of  vomiting  and  weakness.  The  pres¬ 
ent  illness  began  in  March  1937  with  a  gradual  onset  of  weakness  and  fatigability. 
In  April  she  began  to  have  mild  anorexia,  nausea  and  persistent  vomiting,  which 
continued  up  to  the  time  of  her  admission.  During  this  illness  she  lost  7.2  kg.  in 
weight  and  became  so  weak  that  she  was  unable  to  leave  bed.  One  month  prior  to 
admission  she  noticed  some  darkening  of  her  skin.  The  family  and  past  history 
were  non-contributory.  During  childhood  the  patient  had  had  measles,  chicken- 
pox  and  pertussis.  There  was  no  history  of  tuberculosis.  She  was  rarely  subject 
to  colds  or  sore  throats.  Occasionally  she  complained  of  brief  attacks  of  indigestion. 
Menses  had  always  been  normal  and  remained  so  throughout  her  illness.  She  had 
had  one  normal  pregnancy  in  1933. 

Physical  examination,  on  May  11,  1937,  revealed  a  well-developed,  fairly  well- 
nourished  white  woman  lying  quietly  in  bed,  appearing  extremely  weak  and  ex¬ 
hausted.  The  temperature  was  98.2°F.,  pulse  rate  70,  respirations  14,  blood  pres¬ 
sure  82/62  mm.  Hg,  and  weight  53.1  kg.  The  skin  was  evenly  pigmented,  light 
brown  in  color.  In  the  creases  of  the  palms,  knuckles  and  axillae,  about  the  areolae 
of  the  breasts  and  along  the  mid-abdominal  line  there  was  definite  dark  brown 
pigmentation.  Over  the  face,  palms  and  back  were  several  small  darkly  pigmented 
nevi.  There  was  no  pigmentation  of  the  mucous  membranes.  The  thyroid  was  very 
slightly  enlarged  without  thrill  or  bruit.  The  heart  sounds  were  distant  and  muffled 
and  there  was  a  soft  systolic  murmur  heard  at  the  base  and  apex.  Otherwise  the 
physical  examination  revealed  no  abnormalities. 

The  laboratory  examinations  were  as  follows:  Hb.  120  per  cent,  r.b.c.  6.19  million 
(hemoconcentration),  w.b.c.  13,650,  polymorphonuclears  79  per  cent,  eosinophiles 
2  per  cent,  lymphocytes  17  per  cent,  monocytes  2  per  cent,  cell  volume  50  per  cent. 
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sedimentation  rate  8  mm.  in  1  hr.  The  blood  Wassermann  test  gave  negative  findings. 
Examination  of  the  blood  revealed:  N.P.N.  24  mg.  per  cent,  sugar  84  mg.  per  cent, 
plasma  sodium  109.6  m.eq.,  plasma  chloride  71.8  m.eq.  per  liter  and  total  plasma 
protein  6.3  gm.  per  cent.  The  specific  gravity  of  the  urine  was  1.010,  and  there  was 
present  acetone  3+  and  diacetic  acid  1  +  .  X-rays  of  the  chest  and  abdomen  revealed 
no  evidence  of  tuberculosis  or  adrenal  calcification. 

The  patient  was  immediately  started  on  sodium  chloride  therapy  intravenously 
and  by  mouth.  She  improved  rapidly.  In  48  hours  she  was  able  to  retain  food, 
and  her  blood  pressure  had  risen  to  104/68  and  the  serum  concentration  of  sodium 
and  chloride  were  123  and  90.6  m.eq.  per  liter  respectively.  Subcutaneous  injections 
of  adrenal  cortical  extract  were  started  on  May  13th  in  conjunction  with  a  high 
sodium  chloride  and  a  high  carbohydrate  diet.  Steady  improvement  continued  and 
on  May  20,  1937  the  plasma  electrolytes  had  reached  normal  levels.  Strength  and 
appetite  increased  steadily,  and  the  patient  was  discharged  on  June  l6th  weighing 
53.4  kg.  She  was  given  a  maintenance  dose  of  2  cc.  of  injected  cortical  extract  twice 
daily  in  addition  to  a  high  salt  and  carbohydrate  intake. 

On  this  regimen  she  remained  well,  maintained  her  weight  and  strength  and 
was  able  to  do  her  housework  until  August  11,  1937,  when  she  had  a  sudden 
attack  of  diarrhea  and  fever  and  was  readmitted  to  the  hospital.  At  this  time  her 
blood  pressure  was  84/46  mm.  Hg.  The  plasma  concentration  of  sodium  was  131.5 
m.eq.  and  of  chloride  100  m.eq.  per  liter.  Following  the  injection  of  increased 
quantities  of  extract  subcutaneously  and  of  saline  and  glucose  solution  intravenously, 
the  fever  and  diarrhea  ceased  after  3  days.  On  Aug.  17th,  her  blood  pressure  was 
88/64  mm.  Hg,  the  plasma  concentration  of  sodium  was  135.1  m.eq.  and  of 
chloride  104.4  m.eq.  per  liter.  She  was  discharged  on  Aug.  19th,  weighing  55.1  kg. 

She  continued  to  feel  fairly  well  on  4  cc.  (160  gm.  of  adrenal  cortex)  of  in¬ 
jected  extract  and  10  gm.  of  sodium  chloride  daily.  Since  Sept.  18th,  oral  extract 
has  been  substituted  for  injected  (see  text).  Her  good  health  has  continued,  she 
has  successfully  passed  through  two  severe  attacks  of  tonsillitis  without  change  in 
medication,  and  she  is  now  (7  months  later)  able  to  do  her  own  housework  and 
lead  a  perfectly  normal  life.  On  April  12,  1938,  plasma  concentration  of  sodium 
was  141.7  m.eq.  and  chloride  103.2  m.eq.  per  liter. 
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THE  EFFECT  OF  THYROXINE  ON  THE  EXTENT  OF 
REGENERATION  IN  THE  ENUCLEATED  ADRENAL 
GLAND  OF  THE  RAT 
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It  has  previously  been  shown  that  regeneration  of  cortical  tissue  from  the 
capsule  of  an  enucleated  adrenal  gland  occurs  when  the  opposite  gland  is 
removed  ( 1 ) .  The  presence  of  one  intact  adrenal  gland  suppresses  regenera¬ 
tion  in  the  other  enucleated  gland.  Likewise,  regeneration  of  cortical  tissue 
in  an  enucleated  gland  may  be  completely  suppressed  by  the  administration 
of  cortin  (1).  Thus  it  seems  clear  that  the  physiologic  requirement  by  the 
organism  for  cortical  hormone  is  an  important  factor  influencing  the  regenera¬ 
tion  of  the  adrenal  cortex. 

It  is  well  known  that  the  administration  of  thyroxine  to  the  normal  animal 
produces  hyperplasia  of  the  adrenal  cortices.  When  thyroxine  is  administered 
to  the  adrenalectomized  dog,  the  maintenance  requirements  for  cortin  are  in¬ 
creased  (3).  Since  thyroxine  induces  cortical  hyperplasia  in  the  adrenal  glands 
of  normal  animals,  will  it  increase  the  extent  of  cortical  regeneration  within 
enucleated  adrenal  glands? 

In  this  investigation  we  have  studied  the  effects  of  thyroxine  on  the  extent 
of  regeneration  of  the  left  enucleated  adrenal  gland,  when  a),  the  right 
adrenal  gland  was  left  intact,  and  when  b),  the  right  adrenal  gland  was 
removed. 

METHODS 

Male  rats  of  the  Wistar  strain,  uniform  as  to  age,  and  weighing  between 
170  and  190  gm.,  were  used.  The  animals  were  closely  matched  into  pairs 
on  a  basis  of  weight.  The  adrenal  glands  were  exposed  by  the  usual  dorsal 
approach,  and  the  method  for  enucleating  them,  as  described  by  Evans  (2) 
and  by  ourselves  (1),  was  used.  The  left  adrenal  gland  was  enucleated  and 
the  right  one  was  either  left  intact  or  removed  completely.  The  rats  were  fed 
a  commercial  diet  which  contained  0.24  per  cent  sodium  and  1  per  cent 
potassium.  Beginning  on  the  day  of  operation,  thyroxine  was  administered 
daily  by  subcutaneous  injection  to  one  animal  of  each  pair. 

The  following  experimental  procedures  were  carried  out.  In  Experiment 
I,  6  pairs  of  animals  were  prepared  in  which  the  left  adrenal  gland  was 
enucleated  and  the  right  adrenal  was  left  intact.  One  animal  of  each  of  these 
6  pairs  received  0.2  mg.  of  thyroxine  daily;  the  other  one  of  the  pair  was 
not  treated.  A  pair  of  animals  was  then  killed  at  intervals  of  2,  3,  4,  5,  6 
and  7  weeks  after  operation.  In  Experiment  II,  a  procedure  identical  to  that 
of  Experiment  I  was  followed,  except  that  one  animal  of  each  pair  was  treated 
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with  0.5  mg.  of  thyroxine  daily.  A  pair  of  animals  was  killed  at  intervals 
of  1,  2,  3,  4,  5  and  6  weeks  after  operation.  In  Experiment  III,  using  11  pairs 
of  animals,  the  left  adrenal  gland  was  enucleated  and  the  right  gland  was 
removed.  One  animal  of  each  pair  received  0.2  mg.  of  thyroxine  daily,  the 
other  serving  as  a  control.  One  or  two  pairs  of  animals  were  killed  at  1,  2, 
3,  4,  5,  6  and  7  weeks  after  operation.  In  this  experiment  it  was  necessary 


Expcpiment  I  Experiment  II  Experiment  III 
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» =  "No  thyroxine  ^ = No  thyroxine 

Fig.  1.  Showing  attained  weights  of  intact  and  enucleated  adrenal  glands  in  thyroxine- 
treated  and  control  animals  at  varying  intervals  after  operation. 


to  treat  some  of  the  rats  which  received  thyroxine  with  cortin  during  the  first 
week  after  operation,  in  order  to  sustain  life. 

All  animals  were  killed  by  exsanguination.  The  adrenal  glands  were  im¬ 
mediately  removed,  weighed  to  the  nearest  milligram,  and  fixed  for  histologic 
study. 

RESULTS 

The  data  on  the  attained  weights  of  the  adrenal  glands  are  shown  graphi¬ 
cally  in  figure  1.  It  is  clear  from  the  data  that  the  administration  of  either  0.2 
mg.  of  thyroxine  (Experiment  I)  or  0.5  mg.  of  thyroxine  (Experiment  II) 
had  no  significant  effect  on  the  weight  of  the  left  enucleated  adrenal  when 
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the  right  gland  was  present.  On  the  other  hand,  in  each  pair  of  animals 
examined  the  intact  right  adrenal  was  appreciably  larger  in  those  animals  re¬ 
ceiving  thyroxine  than  in  those  which  did  not  receive  thyroxine  (fig.  2).  The 
weights  of  the  intact  right  adrenal  gland  of  animals  that  did  not  receive 
thyroxine  ranged  from  17  to  23  mg.,  whereas  those  of  animals  that  received 
0.2  mg.  of  the  thyroxine  daily  ranged  from  28  to  54  mg.  (fig.  1 ) .  The  admin- 


Fig.  2.  Section  of  intact  right  adrenal  gland;  A,  control  animal,  and  B.  thyroxine-treated  animal.  xl3. 
Fig.  i.  Section  of  enucleated  adrenal  gland  of  thyroxine-treated  animal  with  right  gland  intact.  x20. 

Fig.  4.  Section  of  capsule  and  zona  glomerulosa  of  enucleated  gland  of  thyroxine-treated  animal  with 
right  adrenal  intact.  x280. 


istration  of  a  larger  amount  of  thyroxine  (0.5  mg.  daily)  had  no  greater 
effect  than  that  of  a  smaller  amount  (fig.  1,  Experiment  II). 

Histologically,  there  was  evidence  that  thyroxine  did  stimulate  the  cap¬ 
sule  and  remnant  of  glomerulosa  in  the  enucleated  adrenal  to  regenerate,  even 
when  one  normal  gland  was  present  (fig.  3).  The  actual  weights  of  these 
glands,  however,  were  no  greater  than  those  of  enucleated  glands  of  control 
animals.  We  observed  that  the  glomerulosa  in  the  enucleated  gland  of 
thyroxine-treated  animals  was  much  thicker  and  more  proliferative  than  that 
in  control  animals  (fig.  4),  although  the  total  amounts  of  cortex  in  these 
enucleated  glands  was  essentially  alike  in  thyroxine-treated  and  control  ani¬ 
mals.  It  would  seem  that  thyroxine  had  stimulated  the  zona  glomerulosa  to 
proliferate,  but  that  an  adequate  stimulus  for  differentiation  into  the  other 
cortical  zones  was  lacking.  With  regard  to  the  intact  glands  (fig.  2)  it  was 
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clear  that  differentiation  had  proceeded  normally,  but  that  the  cortical  zones  in 
the  adrenal  glands  of  animals  receiving  thyroxine  were  very  much  wider  than 
those  of  control  animals. 

In  our  third  experiment  (fig.  1,  Experiment  III)  the  administration  of 
thyroxine  was  shown  to  have  a  marked  effect  on  the  extent  of  regeneration  in 
the  enucleated  left  gland  when  the  right  gland  was  removed.  The  administra¬ 
tion  of  thyroxine  was  followed  by  a  greater  than  normal  regeneration  of 
cortical  tissue  in  the  enucleated  gland.  During  the  first  two  weeks  there  were 
no  significant  differences  between  the  weights  of  the  adrenal  glands  in  animals 
receiving  thyroxine  and  in  those  that  did  not  receive  it.  By  the  third  week, 
however,  significant  differences  had  occurred,  and  at  the  end  of  the  eighth 
week  the  regenerated  adrenal  gland  of  a  rat  receiving  thyroxine  weighed  39 
mg.  whereas  the  gland  of  the  control  rat  weighed  but  1 5  mg. 

In  the  early  stages  of  thyroxine  administration  all  animals  lost  weight. 
This  initial  loss  of  weight  was  regained  and,  although  the  thyroxine-treated 
rats  increased  in  weight  during  the  later  stages  of  the  treatment,  the  final 
weights  were  always  less  than  the  attained  weights  of  the  untreated  animals. 

COMMENT 

Our  previous  observations  on  the  effect  of  the  presence  of  one  intact 
adrenal  gland  in  preventing  regeneration  in  the  enucleated  gland  have  been 
confirmed.  We  had  considered  the  possibility  that  regeneration  of  the 
enucleated  gland  might  take  place  even  in  the  presence  of  one  intact  gland 
if  stress  were  imposed,  thereby  increasing  the  physiologic  requirements  for 
cortin.  Although  we  have  histologic  evidence  that  the  zona  glomerulosa  of  the 
enucleated  gland  was  more  proliferative  in  thyroxine-treated  animals  than 
in  controls,  it  was  evident  that  a  much  more  marked  hyperplasia  occurred  in 
the  intact  right  gland.  However,  when  the  right  adrenal  gland  was  removed, 
a  marked  effect  of  thyroxine  on  the  extent  of  regeneration  of  the  enucleated 
adrenal  gland  occurred.  The  mechanism  whereby  thyroxine  produces  its  ef¬ 
fect  on  the  growth  of  the  adrenal  gland  was  not  studied  in  these  experiments. 
But  it  has  been  shown  by  Smith  (4)  that  the  administration  of  thyroxine 
does  not  have  an  effect  on  the  intact  adrenal  gland  of  the  untreated  hypophy- 
sectomized  animal.  Similarly,  one  of  us  (Ingle,  unpublished  data)  has  shown 
that  in  either  the  untreated  hypophysectomized  rat,  or  the  hypophysectomized 
rat  in  which  the  adrenal  glands  are  maintained  by  treatment  with  the  adreno- 
tropic  principle,  the  administration  of  thyroxine  fails  to  produce  an  increase 
in  the  size  of  the  adrenal  cortices.  The  effect  of  thyroxine  on  the  size  of  the 
adrenal  cortices  of  the  normal  animal  may  be  similar  to  the  effect  of  any  toxic 
substance  or  situation  of  stress,  and  may  be  mediated  by  the  adrenotropic 
activity  of  the  pituitary. 

SUMMARY 

A  study  is  reported  of  the  extent  of  regeneration  of  the  adrenal  cortex 
as  influenced  by  the  administration  of  thyroxine  to  rats.  In  Experiment  I  the 
left  adrenal  gland  of  6  pairs  of  animals  was  enucleated  and  the  right  adrenal 
gland  was  left  intact.  One  animal  of  each  pair  was  then  given  0.2  mg.  of 
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thyroxine  daily.  In  Experiment  II  the  left  adrenal  gland  of  six  pairs  of  animals 
was  enucleated  and  the  right  gland  was  left  intact.  One  animal  of  each  pair 
was  then  given  0.5  mg.  of  thyroxine  daily.  In  Experiment  III  the  left  adrenal 
gland  of  1 1  pairs  of  animals  was  enucleated  and  the  right  adrenal  gland  was 
removed.  One  animal  of  each  pair  was  given  0.2  mg.  of  thyroxine  daily.  Ani¬ 
mals  were  killed,  in  pairs,  each  week  by  exsanguination.  The  adrenal  glands 
were  removed,  weighed  and  fixed  for  histologic  study. 

The  following  conclusions  have  been  drawn:  a),  when  one  adrenal  gland 
is  present  and  the  other  is  enucleated,  the  administration  of  thyroxine  causes 
an  extensive  cortical  proliferation  in  the  intact  gland,  b),  although,  histo¬ 
logically,  there  is  an  increase  in  the  extent  of  the  zona  glomerulosa  in  the 
enucleated  gland  of  thyroxine-treated  animals  with  an  intact  right  adrenal 
gland,  yet  there  were  no  significant  differences  between  the  weights  of  the 
enucleated  glands  of  treated  and  control  animals,  c) ,  when  one  adrenal  gland 
is  removed,  the  extent  of  regeneration  in  the  enucleated  gland  of  thyroxine- 
treated  animals  exceeds  by  far  the  extent  in  enucleated  glands  of  untreated 
controls. 
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Enucleation  of  the  adrenal  gland  of  white  rats  consists  of  excising  the 
anterior  tip  of  the  gland  and  gently  expressing  the  entire  medulla  and  most  of 
the  cortex.  The  blood  supply  to  the  gland  is  thereby  not  disturbed,  and  the 
capsule  and  small  amounts  of  glomerular  cortex  remain  in  situ.  Regeneration 
of  cortical  tissue  proceeds  from  the  capsule  and  remnant  of  zona  glomerulosa, 
and  within  short  periods  a  volume  of  cortex  equal  to,  or  greater  than,  that 
of  the  original  gland  will  be  restored.  We  recently  have  shown  that  the  ex¬ 
tent  of  regeneration  which  occurs  in  an  enucleated  gland  depends  upon  the 
amount  of  cortical  tissue  which  is  present  in  the  body  (1).  In  the  presence 
of  one  normal  gland,  only  slight  amounts  of  cortex  will  regenerate  in  the 
other  enucleated  gland.  If  the  normal  gland  was  removed  eight  weeks  after 
the  enucleation  of  its  mate,  then  regeneration  in  the  hitherto  inactive  enucleated 
gland  occurred  rapidly.  We  ( 1 )  have  shown,  too,  that  the  administration  of 
adequate  amounts  of  cortin  completely  suppressed  cortical  regeneration  in  an 
enucleated  gland,  even  when  the  other  gland  had  been  removed. 

Under  abnormal  conditions  involving  unusual  stress  upon  the  organism 
the  extent  of  cortical  regeneration  may  be  greatly  accelerated.  It  is  probable 
that  any  stimulus  which  will  induce  hyperplasia  of  the  adrenal  cortex  in  the 
normal  animal  will  accentuate  cortical  regeneration  in  the  enucleated  gland. 
Thyroxine  will  induce  cortical  hyperplasia  and  we  (2)  recently  have  shown 
that  when  thyroxine  was  administered  to  rats  in  which  the  left  adrenal  gland 
had  been  enucleated  the  amounts  of  cortical  regeneration  were  greatly  in  ex¬ 
cess  of  those  noted  in  the  rats  that  served  as  controls.  Our  own  observations, 
as  well  as  those  of  others,  lead  to  the  conclusion  that  cortical  hyperplasia 
or  cortical  regeneration  following  enucleation  hinges  upon  the  requirements 
of  the  organism  for  cortin. 

Higgins  and  Cragg  in  experiments  on  the  production  of  hepatic  cirrhosis 
in  rats  by  the  administration  of  carbon  tetrachloride  had  observed  that  the 
drug  likewise  induced  atrophy  of  the  genitalia  and  marked  hyperplasia  of  the 
adrenal  glands.  Selye  (3,  4)  has  shown  that  surgical  or  nervous  shock,  ex¬ 
cessive  muscular  exercise,  exposure  to  cold  and  the  administration  of  toxic 
substances  will  elicit  a  syndrome  characterized  by  edema,  adrenal  hyperplasia, 
atrophy  of  the  thymus,  atrophy  of  the  gonads  and  gastro-intestinal  ulcers. 
Since  it  has  been  shown  that  carbon  tetrachloride  produces  such  a  syndrome, 
we  have  studied  the  effect  of  the  drug  upon  the  extent  of  regeneration  of 
adrenal  cortex  in  the  enucleated  gland. 
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METHODS 

Wistar  rats  of  the  same  stock  employed  in  our  earlier  studies  on  cortical 
regeneration  were  used.  Eighty  male  rats,  ranging  in  weight  from  180  to 
189  gm.  were  selected.  By  using  an  approach  previously  (1)  described,  the 
right  adrenal  gland  was  completely  removed  and  the  left  was  enucleated. 
Weights  of  the  right  adrenal  gland,  of  the  excised  tip  of  the  left  adrenal 
gland,  and  of  the  expressed  nucleus  of  the  left  adrenal  gland  were  obtained 
at  the  time  of  operation.  All  animals  were  maintained  on  a  standard  ration 
and  were  given  water  ad  libitum. 


Fig.  1.  Graphic  portrayal  of  the  extent  of  regeneration  in  the  left  adrenal  gland  at  the 
various  intervals  of  time  following  operation. 

In  addition,  20  male  rats,  within  the  same  weight  range,  were  selected 
and  killed.  The  weights  of  the  left  and  right  adrenal  glands  were  determined. 
The  average  weight  of  the  right  adrenal  gland  in  this  series  of  20  rats  was 
12.9  mg.,  whereas  that  of  the  left  gland  was  13.2  mg.  The  average  weight  of 
the  tip  of  the  left  adrenal  gland,  when  excised  at  operation,  was  3.11  mg., 
whereas  the  average  weight  of  the  nucleus  expressed  from  the  left  adrenal 
gland  was  7.55  mg.  Thus,  10.66  mg.  of  adrenal  tissue  was  the  average  amount 
removed  from  the  left  adrenal  gland  at  the  time  of  operation.  If  the  weight 
of  the  left  adrenal  gland  (13.2  mg.)  of  the  20  rats  that  were  killed  may 
be  taken  as  the  average  weight  of  the  left  adrenal  gland  of  the  80  rats  that  were 
operated  on,  then,  following  enucleation,  the  average  amount  of  cortical  tissue 
which  remained  was  2.54  mg. 

Of  the  80  rats  which  were  operated  on,  40  served  as  controls  and  40  re¬ 
ceived  inhalations  of  carbon  tetrachloride.  The  rats  were  placed  in  a  large  metal 
container,  to  which  a  known  concentration  of  the  volatilized  drug  was  de¬ 
livered.  They  breathed  the  drug  for  30  to  40  minutes  each  day. 

Five  animals  of  the  control  group  and  5  of  the  group  that  breathed  carbon 
tetrachloride  were  killed  at  2,  3  and  4  weeks  after  operation.  Twenty  rats 
of  the  control  group  and  14  of  the  group  that  received  inhalations  of  carbon 
tetrachloride  were  killed  at  6  weeks  following  operation.  The  regenerated 
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adrenal  glands  were  quickly  removed,  freed  of  adherent  fat  and  weighed. 
Eleven  of  the  rats  that  received  inhalations  of  carbon  tetrachloride  died  as  a 
result  of  exposure  to  the  drug  and  were  not  used  in  the  compilation  of  these 
data. 

RESULTS 

The  data  on  the  weights  of  the  left  adrenal  glands  which  regenerated 
following  enucleation  have  been  condensed  into  table  1,  and  are  shown 
graphically  in  figure  1.  Animals  which  breathed  the  drug  for  short  periods 
daily  sustained  some  loss  in  weight.  This  loss  was  most  marked  during  the  first 
2  weeks  of  treatment  when  the  animals  lost  an  average  of  about  16  per 
cent  of  their  original  weight.  This  loss  was  partially  recovered,  even  during 
continuation  of  the  treatment,  but  at  the  end  of  the  experiment  (6  weeks) 


Table  1.  Weight  of  body  and  of  regenerated  left  adrenal  gland  of  control  animals  and 

ANIMALS  THAT  RECEIVED  DAILY  INHALATIONS  OF  CARBON  TETRACHLORIDE 


Period  of  daily 
inhalation  of 
carbon  tetra¬ 
chloride 

Weight  of  body,  gm. 

Weight  of  regenerated  left  adrenal  gland 

Of  control 
animals 

Of  animals  that  re¬ 
ceived  inhalations  of 
carbon  tetrachloride 

Of  control 
animals 

Of  animals  that  re¬ 
ceived  inhalations  of 
carbon  tetrachloride 

0 

2  weeks 

3  weeks 

4  weeks 

6  weeks 

182.3i0.75 

207.0+2.83 

205.5±6.00 

216.2i3.27 

260.7i4.17 

151.6i4.50 

176.8i3.12 

172.0i4.72 

174.2i3.24 

13.2iO.26 

10.0i0.40 

13.9i0.97 

11.2i0.80 

17.3i0.33 

12.3i0.90 

16.5il.20 

23.6i0.8S 

29.7il.l4 

the  original  weight  had  not  been  regained.  The  weight  of  the  control  group 
of  animals  increased  rapidly  during  the  entire  period  of  observation. 

As  indicated  previously,  the  operative  procedure  restricted  the  amount  of 
adrenal  tissue  available  to  an  amount  which  probably  averaged  about  2.54  mg. 
in  weight.  This  is  approximately  a  tenth  of  the  amount  of  adrenal  tissue  present 
in  rats  of  the  age  and  weight  range  of  those  employed  in  this  study.  In  2  weeks 
the  average  weight  of  the  regenerated  cortex  in  the  left  adrenal  gland  of  the 
control  animals  was  about  4  times  the  weight  of  the  remnant  that  was  left  at 
operation,  whereas  in  animals  which  breathed  the  drug  the  attained  weight 
of  the  left  adrenal  gland  averaged  about  5  times  the  weight  of  the  remnant 
left  at  operation.  The  difference  between  the  attained  weight  of  the  left 
adrenal  gland  of  the  two  groups  (2.30  ±:  0.99  mg-)  is  not  of  a  sufficient 
magnitude  to  be  considered  significant.  Likewise,  the  attained  weight,  at  3 
weeks  after  the  operation,  of  the  regenerated  adrenal  gland  was  of  the  same 
order  of  magnitude  in  the  control  animals  and  in  those  that  received  inhala¬ 
tions  of  carbon  tetrachloride;  the  statistical  difference  between  the  average 
attained  weights  of  the  two  groups  was  2.6  ±  1.5  mg. 

There  was  a  decline  in  the  average  weight  of  the  left  adrenal  gland  in  the 
control  group  4  weeks  after  operation  (table  1).  In  3  of  the  5  rats  that  were 
killed  at  that  time,  glands  weighing  8.0,  9.0  and  10.5  mg.  respectively,  were 
encountered.  These  weights,  when  averaged  with  the  weights  of  the  glands  of 
the  two  rats  (13.5  and  15.0  mg.)  produced  a  mean  weight  of  11.2  mg.  This 
does  not  indicate  that  there  had  been  any  cytologic  regression,  but  rather 
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describes  the  variability  of  such  biologic  data.  It  was  between  the  third  and 
fourth  week,  however,  that  the  effects  of  the  drug  on  adrenal  regeneration  were 
first  clearly  evident.  The  weight  of  glands  removed  from  the  5  animals  which 
had  breathed  carbon  tetrachloride  and  which  were  killed  at  the  end  of  4 
weeks  averaged  23.6  mg.,  and  the  difference  between  this  mean  and  that  of 
the  untreated  controls  was  more  than  10  times  its  own  probable  error  (12.42 
zt  1.17  mg.). 

At  6  weeks  after  unilateral  adrenalectomy  and  enucleation  of  the  left 
adrenal  gland  the  average  weight  of  the  regenerated  gland  of  the  20  control 
animals  (17.3  mg.)  was  considerably  more  than  the  average  weight  of  the 
left  adrenal  gland  of  20  normal  animals  (13.2  mg.).  In  the  14  animals  which 
breathed  the  drug  for  brief  periods  daily  for  6  weeks,  the  average  weight  of 
the  left  adrenal  gland  was  29.7  mg.  This  amount  of  cortical  tissue  is  3.6  mg. 
in  excess  of  the  average  total  amount  present  in  the  20  normal  animals  and 
12.4  mg.  more  than  the  amount  regenerated  in  the  20  rats  which  were  oper¬ 
ated  on,  but  were  not  given  the  drug. 

COMMENT 

Regeneration  of  adrenal  cortex  will  occur  rapidly  if  the  capsule  and  small 
amounts  of  zona  glomerulosa  remain  after  enucleation.  Cortin  is  not  essential 
to  prevent  cortical  insufficiency,  for  regeneration  is  rapid.  Baker  and  Baillif 
(6)  have  recently  reported  that  mitoses  occurred  in  the  capsule  and  cortical 
remnant  24  hours  following  enucleation  of  the  left  adrenal  gland  and  re¬ 
moval  of  the  right  adrenal  gland. 

The  results  of  this  study  are  similar  to  those  observed  when  thyroxine  was 
administered  to  animals  similarly  prepared  (2).  After  0.2  mg.  of  thyroxine 
had  been  given  daily  for  6  weeks,  we  recovered  restored  cortical  masses  on 
the  left  side  which  weighed  more  than  35  mg.  The  imtreated  control  animals 
of  that  experiment  that  were  subjected  to  operation  had  regenerated  left 
adrenal  glands  which  weighed  about  16  mg.  These  weights  of  the  restored 
adrenal  glands  of  the  control  animals  in  the  experiment  using  thyroxine  com¬ 
pare  well  with  those  obtained  from  the  present  series  serving  as  controls  for 
the  carbon  tetrachloride  treated  animals. 

This  increased  cortical  regeneration  in  animals  exposed  to  carbon  tetra¬ 
chloride  is  a  part  of  the  systemic  response  which  occurs  when  animals  are 
subjected  to  toxic  stimuli.  This  syndrome  includes,  in  addition  to  adrenal 
hyperplasia,  involution  of  the  thymus,  edema,  atrophy  of  the  gonads  and 
gastric  and  duodenal  ulceration.  Selye  has  shown  that  such  a  syndrome  follows 
the  administration  of  drugs,  exposure  to  cold,  surgical  shock,  excessive  muscu¬ 
lar  exercise  and  the  administration  of  toxic  substances. 

These  organic  changes,  which  are  induced  in  many  tissues  of  the  body  by 
such  stimuli,  are  probably  not  direct  effects,  but  represent  an  attempt  on  the 
part  of  the  organism  to  adapt  itself  to  the  conditions  imposed.  The  changes  are 
mediated  through  the  pituitary  body  (5).  This  seems  true  as  far  as  the  adrenal 
glands  are  concerned.  Selye  (4)  showed  that  estrone,  which  normally  will 
induce  adrenal  hypertrophy  together  with  hyperplasia  of  the  mammary  gland 
when  given  to  rats,  is  without  such  effects  when  given  to  hypophysectomized 
animals.  Likewise,  formaldehyde  will  not  induce  adrenal  hyperplasia  if  ad- 
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ministered  to  rats  which  have  been  deprived  of  their  pituitary  bodies,  but  when 
it  is  given  to  normal  animals  the  typical  syndrome  ensues.  Even  if  pituitary 
extract  is  given  in  amounts  adequate  to  inhibit  adrenal  atrophy  the  drug  will 
not  cause  adrenal  hyperplasia  in  hypophysectomized  animals. 

Thyroxine  will  induce  adrenal  hyperplasia  in  the  normal  animal,  and  it 
will  induce  excessive  regeneration  in  an  enucleated  adrenal  gland  if  its  mate 
has  been  removed,  but  these  changes  all  failed  to  occur  in  animals  whose 
pituitary  bodies  had  been  removed  ( 2 ) .  Thus,  it  seems  reasonable  to  conclude 
that  in  all  instances  wherein  adrenal  hyperplasia  occurs,  the  demand  for  cortin 
has  been  followed  by  the  elaboration  of  adrenotropic  hormone  by  the  pituitary 
body,  thereby  stimulating  an  active  proliferation  of  adrenal  cortex. 

SUMMARY 

This  report  covers  our  study  of  the  effect  of  inhalations  of  carbon  tetra¬ 
chloride  on  the  extent  of  regeneration  of  the  left  enucleated  adrenal  gland 
after  the  right  adrenal  gland  had  been  removed.  Eighty  male  rats  weighing 
from  180  to  189  gm.  were  used.  The  operation  included  the  removal  of  the 
right  adrenal  gland  and  the  enucleation  of  the  left  gland.  On  the  average, 
this  operation  provided  a  remnant  of  left  adrenal  gland,  which  weighed 
approximately  2.54  mg. 

Animals  upon  which  the  effect  of  the  drug  was  tested  breathed  the  fumes 
for  30  to  40  minutes  each  day.  Five  animals  were  killed  at  2  weeks,  5  at  3 
weeks,  5  at  4  weeks,  and  14  at  6  weeks  following  operation.  The  regener¬ 
ated  left  adrenal  gland  was  quickly  removed  and  weighed.  A  group  of 
animals,  which  were  subjected  to  a  similar  operation,  constituted  the  control 
group.  These  were  killed  at  comparable  intervals,  and  the  weights  of  their 
left  adrenal  glands  were  contrasted  with  the  weights  of  the  regenerated  glands 
obtained  from  animals  that  had  been  subjected  to  inhalations  of  the  drug. 

Regeneration  of  the  left  adrenal  gland  occurred  rapidly  in  the  two  groups. 
The  average  w'eight  of  the  restored  left  adrenal  gland  in  the  animals  which 
received  inhalations  of  carbon  tetrachloride  was  slightly  greater  at  2  and  at 
3  weeks  than  was  the  weight  of  the  restored  left  adrenal  gland  of  the  animals 
which  did  not  receive  inhalations  of  carbon  tetrachloride.  The  differences, 
however,  may  have  been  owing  to  chance.  The  effect  of  the  drug  on  regenera¬ 
tion  of  cortical  tissue  was  marked  at  4  weeks  after  operation  and  even  more 
marked  at  6  weeks  after  operation. 

Carbon  tetrachloride,  when  administered  for  brief  periods  daily  to  rats 
from  which  the  right  adrenal  gland  had  been  removed,  and  in  which  the  left 
adrenal  gland  had  been  enucleated,  stimulated  greater  amounts  of  cortical  re¬ 
generation  than  occurred  in  the  controls.  It  is  postulated  that  this  increased 
impetus  to  regeneration  of  the  adrenal  cortex  is  mediated  through  the  pituitary 
body. 
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CHICK  THYROID  RESPONSES  AS  A  BASIS  FOR  THYROTROPIC 
HORMONE  ASSAY 
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Several  criteria  for  assaying  thyrotropic  anterior  pituitary  hormone  have 
been  suggested,  among  which  marked  hyperplasia  of  the  guinea-pig  thyroid 
following  injection  of  active  thyrotropic  substances  has  been  widely  used 
(1,  2,  3).  Hertz  (4)  used  the  histological  reaction  of  thyroids  in  hypophysec- 
tomized  rats,  thus  removing  any  suspicion  that  pituitaries  of  the  test  animals 
might  affect  the  response.  Anderson  and  Collip  (5),  departing  from  thyroid 
morphology  as  a  basis  for  assay,  suggested  that  increased  B.M.R.  following 
thyrotropic  hormone  injection  be  used.  Stimmel,  McCullagh  and  Picha  (6) 
proposed  a  method  dependent  on  the  decrease  of  thyroid  iodine  following 
thyrotropic  administration  as  shown  by  Schockaert  and  Foster  ( 7 ) .  Rowlands 
and  Parkes  (8)  used  weight  increase  response  of  the  guinea-pig  thyroid  to 
thyrotropic  hormone,  constructing  an  assay  curve  on  this  basis. 

Since  these  available  assay  methods  require  special  technic  or  apparatus, 
or  else  are  dependent  on  a  large  standardized  animal  colony,  it  was  thought 
desirable  to  develop  a  simpler  method.  To  be  adequate,  such  a  test  should  be 
sensitive,  the  criteria  of  effect  objective  and  results  fairly  constant.  Specificity 
of  the  reaction  must  be  checked. 

PREPARATION  OF  EXTRACTS 

The  thyrotropic  preparation  used  was  a  partially  purified  aqueous  extract 
of  acetone-dried  beef  anterior  pituitaries,  from  which  the  posterior  lobes  had 
been  carefully  removed.  A  modification  of  the  method  reported  by  Evans, 
Meyer  and  Simpson  (9)  was  used  in  preparing  the  extracts.  The  pituitary 
powder  was  repeatedly  extracted  with  dilute  aqueous  NaOH,  using  20  cc./gm. 
of  powder.  The  pituitary  suspension  was  stirred  constantly  during  3  two-hour 
extraction  periods,  and  two  extractions  took  place  while  standing  overnight. 
The  suspension  was  just  alkaline  to  phenolphthalein,  and  was  kept  cold 
throughout  the  process  of  extraction.  The  gland  residue,  retaining  but  slight 
activity,  was  removed  by  centrifugation  and  the  extracts  pooled.  A  portion  of 
the  proteins  contained  in  this  pooled  extract  was  removed  by  isoelectric  pre¬ 
cipitation  with  H2SO4  at  a  pH  of  4.0  to  4.2.  This  precipitation  was  carefully 
done.  The  precipitate  was  collected  and  reprecipitated  twice,  and  the  super¬ 
natant  solutions,  which  contain  most  of  the  thyrotropic  activity,  pooled.  Addi¬ 
tion  of  flavianic  acid,  prepared  according  to  Whitmore  (10),  to  the  above 

*  Most  of  the  experiments  (11)  on  chicks  were  done  at  the  Marine  Biological  Laboratory,  Woods  Hole, 
Mass.,  1936. 
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solution  produced  a  yellow  precipitate  which  is  removed  by  centrifugation  and 
includes  the  thyrotropic  principle.  The  supernatant,  although  containing  con¬ 
siderable  solids,  possesses  no  more  than  a  trace  of  thyrotropic  activity.  The 
flavianate  is  washed  with  alcohol  and  ether,  and  then  dried,  in  which  form 
the  thyrotropic  hormone  is  apparently  stable  indefinitely.  This  powder  is 
soluble  in  dilute  alkali,  although  concentrated  solutions  are  turbid.  Such 
preparations  are  non-toxic  and  have  been  given  subcutaneously  over  long 
periods  to  laboratory  animals  including  monkeys,  and  intravenously  to  rabbits. 
The  extract  has  strong  luteinizing  action  on  the  ovaries  of  guinea  pigs,  causes 
adrenal  hypertrophy  in  thyroidectomized  guinea  pigs,  growth  of  hypophy- 
sectomized  rats,  and  hypertrophy  and  hyperplasia  of  guinea-pig  thyroids. 

EXPERIMENTAL  PROCEDURE 

In  preliminary  experiments  the  thyroid  reaction  of  ducks,  mice,  chicks 
and  guinea  pigs  was  tested  for  suitability  as  assay  material.  Of  these,  guinea 
pigs  and  day-old  chicks  seemed  most  desirable.  In  all  experiments  the  dosage 
of  pituitary  extract  is  given  in  mg.  of  flavianate  powder.  All  injections  were 
daily  and  subcutaneous,  and  autopsies  were  performed  24  hours  after  the  last 
injection,  except  when  otherwise  stated.  At  autopsy  the  thyroids  were  dissected 
under  a  binocular  microscope  and  rapidly  weighed  to  0.1  mg. 

Chick  thyroids  are  closely  attached  to  the  carotids  not  far  from  the  origin 
of  the  subclavian  arteries  (fig.  5).  After  removal  of  skin  and  pectoral  girdle 
they  are  seen  as  compact,  reddish  organs  easily  distinguishable  from  the  pale 
parathyroids  which  may  lie  both  anteriorly  and  posteriorly,  or  the  thymus,  a 
large  lobulated  structure  extending  anteriorly  from  the  thyroids  and  para¬ 
thyroids.  The  thyroids  are  comparable  in  size  to  the  parathyroids  and  are 
enclosed  by  a  definite  although  delicate  capsule,  which  may  be  readily  and 
cleanly  dissected  free  from  surrounding  connective  tissue.  There  is  practically 
no  fat  to  hinder  accurate  trimming. 

The  chicks  were  obtained  from  one  hatchery  and  were  of  carefully  selected 
white  leghorn  stock.  They  were  received  the  day  following  hatching,  insuring 
weight  uniformity.  Easily  distinguishable  markings  of  aniline  blue  and  fuchsin 
dyes  made  it  possible  to  keep  large  numbers  in  small  sheet  metal  brooders 
heated  by  electric  light  bulbs.  They  were  fed  a  good  commercial  growing  mash. 

Two  preliminary  experiments  were  made  to  determine  the  least  number 
of  daily  injections  producing  the  largest  thyroids  with  a  given  amount  of 
materials,  and  the  time  following  the  last  injection  when  the  thyroids  were 
heaviest. 

Sixty  chicks,  divided  into  12  equal  groups,  received  a  total  of  2  mg.  of 
anterior  pituitary  extract  each.  One  group  received  the  total  dose  at  one  time; 
others  received  the  same  amount  divided  into  2,  3,  4,  5,  and  6  daily  injections. 
All  chicks  were  autopsied  24  hours  after  the  last  injection,  7  days  after 
hatching.  These  experiments  were  carried  over  a  period  of  time,  all  with 
similar  results  (table  1).  Chick  thyroids  increase  in  weight  within  24  hours 
after  a  single  injection,  although  the  response  is  greater,  and  the  test  therefore 
more  delicate,  if  the  same  dose  is  given  in  from  4  to  6  daily  injections.  For 
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this  reason  the  chick  assay  was  planned  on  a  basis  of  5  daily  injections,  al¬ 
though  if  speed  is  important  a  24-hour  test  is  feasible. 

Greater  eflScacy  of  thyrotropic  hormone  administered  in  5  daily  doses 
rather  than  in  a  single  injection  suggested  that  further  division  of  material 
might  heighten  the  response.  Accordingly,  10  chicks  were  given  2.0  mg.  of 
extract  each,  one  group  of  5  being  injected  once  daily  for  5  days,  and  the 


Table  1.  Effect  of  dose  division  on  thyroid  response  to  2.0  mo.  thyrotropic  extract 


No 

Injection 

One 

Injection 

Two 

Injections 

Three 

Injections 

Four 

Injections 

Five 

Injections 

Six 

Injections 

3.9 

4.5 

5.5 

6.1 

7.6 

12.0 

_ 

3.5 

— 

— 

6.3 

7.1 

10.1 

6.0 

3.3 

— 

— 

— 

7.1 

7.8 

8.7 

Each  value  is  the  average  thyroid  weight  in  mg.  of  )  chicks.  Autopsies  were  performed  24  hours 
after  the  last  injection. 


Table  2.  Regression  of  thyroid  weight  after  cessation  of  injections  of 

THYROTROPIC  EXTRACT 


No  Injection 

24  Hours 

48  Hours  I 

72  Hours 

96  Hours 

3.5 

6.9 

5.6 

4.6 

5.6 

Each  value  is  the  average  thyroid  weight  in  mg.  of  }  chicks.  Each  chick  received  2.0  mg.  thyrotropic 
extract  administered  in  4  daily  injections. 


Other  injected  at  12-hour  intervals.  The  mean  thyroid  weight  of  the  group 
injected  twice  daily  was  14.1  mg.,  and  of  that  injected  once  daily,  7.8  mg. 

A  total  of  25  chicks  in  5  groups  were  injected  with  2.0  mg.  of  anterior 
pituitary  extract  each  in  4  daily  injections,  and  were  autopsied  24,  48,  72  and 
96  hours  after  the  last  injection.  All  chicks  were  autopsied  the  8th  day  after 
hatching.  Table  2  shows  that  thyroid  weight  slowly  decreases  after  the  last 
injection.  Although  the  data  are  somewhat  variable,  and  the  average  thyroid 
weight  of  the  96-hour  post-injection  group  no  lower  than  of  the  48-hour 
group,  no  advantage  is  seen  in  delaying  the  autopsy  time  more  than  24  hours 
after  the  final  injection. 

From  5  different  hatchings  175  chicks  were  divided  into  35  groups  of 
5  each  and  injected  with  from  0.1  to  20.0  mg.  of  anterior  pituitary  extract  in  5 
daily  injections  and  autopsied  on  the  6th  day  after  hatching.  Thirty-six  unin¬ 
jected  chicks  served  as  controls.  Body  weight  and  sex  were  determined  at 
autopsy,  and  the  thyroids  weighed  and  fixed  in  Bouin. 

The  mean  thyroid  weight  of  each  group  was  plotted  against  the  dose  of 
anterior  pituitary  used  (fig.  1).  All  doses  produced  definite  increase  in  thyroid 
weight,  the  response  increasing  until  a  dosage  of  10.0  mg,  was  reached. 
Greater  amounts  of  extract  than  this  did  not  produce  larger  thyroids.  Many 
of  the  dosages  were  repeated  with  different  lots  of  chicks  and  other  prepara¬ 
tions  from  the  same  stock  of  extract  and,  excepting  3  or  4  instances,  the  weight 
increases  were  very  uniform.  The  curve  of  response  of  chick  thyroid  weight 
to  anterior  pituitary  rises  very  steeply  in  the  lower  dosage  range  from  0.1  to 
0.4  mg.  At  0.4  mg.  it  becomes  more  gradual  but  is  very  long,  since  the  amount 
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of  extract  producing  the  heaviest  thyroids  (10.0  mg.)  was  100  times  that 
causing  slightest  stimulation. 

Histological  examination  of  normal  6-day-old  chick  thyroids  revealed 
rounded  colloid-filled  acini  of  uniform  size  bordered  by  a  low  cuboidal  epi¬ 
thelium  (fig.  4).  Resorption  vacuoles  were  rarely  found.  This  condition  con¬ 
trasts  with  that  existing  in  normal  guinea  pigs  in  which  the  number  of 
vacuoles,  the  size  of  the  acini,  and  the  height  of  the  epithelium  show  a  regional 
variability.  Even  in  a  single  acinus  the  height  of  the  epithelium  may  not  be 


Total  Dosage  Milligrams 


Fig.  1.  Effect  of  thyrotropic  extract  on  thyroid  weight  of  day-old  chicks.  Each  point 
represents  the  mean  thyroid  weight  of  )  chicks.  The  effect  of  higher  doses  is  shown  in 
tabular  form. 

uniform.  Division  of  the  gland  into  a  peripheral  zone  of  large  and  a  central 
zone  of  small  acini,  characteristic  of  guinea  pigs,  was  not  found  in  the  chick. 

Thyroids  of  all  chicks  receiving  low  pituitary  dosages  and  representatives 
of  the  heavier  treatment  groups  were  sectioned.  Larger  injections  produced 
almost  complete  loss  of  colloid,  and  the  epithelium  became  columnar,  reducing 
the  lumina  of  the  acini  to  mere  slits.  Lower  doses,  0.1,  0.2,  0.4  mg.,  produced 
definite  thyroid  hyperplasia  with  increased  epithelial  height  as  the  most  marked 
characteristic.  Resorption  vacuoles  were  much  less  in  evidence  than  in  the 
guinea-pig  thyroids.  Increased  thyroid  weight  was  always  accompanied  by 
histological  changes.  No  study  was  made  of  thyroids  of  chicks  treated  with 
amounts  of  extract  too  small  to  produce  hypertrophy.  However,  thyroids  of 
chicks  receiving  the  lowest  dosage  (0.1  mg.)  were  markedly  activated,  indi¬ 
cating  that,  as  in  the  guinea  pig,  doses  too  small  to  produce  weight  increase 
are  detectable  histologically. 
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Specificity  of  the  thyroici  action  was  tested  by  injection  of  non-thyrotropic 
substances.  Ten  chicks  were  injected  with  20.0  mg.  of  liver  extract  made  in 
the  same  manner  as  the  pituitary  preparation.  Three  specimens  of  human 
blood  serum,  one  from  a  normal  and  two  from  pathological  cases,  were  in¬ 
jected  in  2  cc.  to  3  cc.  daily  doses  for  5  days.  Urine  from  monkeys  and  from 
normal  and  pathological  humans  was  tested.  This  was  concentrated  by  precipi¬ 
tation  with  5  volumes  of  95  per  cent  alcohol  and  the  precipitate  extracted  with 
dilute  alkali.  One  volume  of  this  extract,  neutralized,  was  the  equivalent  of 
10  cc.  of  urine.  None  of  these  substances  produced  hypertrophy  (table  3)  or 
activation  of  the  thyroid  epithelium  or  colloid  discharge. 

Sex  distribution  was  even,  each  group  containing  males  and  females.  It 
seemed  to  have  little  influence  on  the  response  of  the  thyroid  to  the  thyrotropic 


Table  3.  Effect  of  substances  other  than  thyrotropic  extract  on  thyroid 
WEIGHT  OF  day-old  CHICKS 


Treatment 

Mean 
Thyroid 
Wt.  Mg. 

Total 

Injected 

Number 

of 

Chicks 

Liver  extract 

3.7 

120.0  mg. 

7 

Extract  of  human  urine,  normal 

3.6 

5  cc. 

9 

Human  blood  serum,  orbital  pseudo-tumor 

4.0 

12  cc. 

4 

Control,  no  injection 

3.7 

— 

5 

Human  blood  serum,  normal 

3.3 

10  cc. 

3 

Human  blood  serum,  exophthalmic  goiter 

3.3 

16  cc. 

3 

Extract  of  human  urine,  exophthalmic  goiter 

3.2 

5  cc. 

Extract  of  monkey  urine,  normal 

3.5 

5  cc. 

6 

Control,  no  injection 

3.5 

— 

12 

Liver  extract  was  prepared  in  the  same  manner  as  the  thyrotropic  anterior  pituitary  preparation.  Five 
cc.  urine  extract  is  the  equivalent  of  50  cc.  urine. 


hormone,  although  there  may  have  been  a  slight  but  inconclusive  tendency  of 
the  male  to  respond  less  than  the  female. 

Amount  of  fluid  injected,  likewise,  seemed  to  have  little  bearing  on  results. 
Volume  of  injections  varied  from  ^  cc.  to  1  cc.  To  check  a  possible  marked 
influence  of  volume  administered,  10  chicks  were  injected  with  2.4  mg.  extract 
each.  The  volume  of  the  daily  dose  was  Yg  cc.  in  5  and  1  cc.  in  the  others. 
Averages  showed  the  Yg  cc.  series  thyroids  weighing  8.0  mg.  and  the  1  cc. 
series  7.3  mg. 

Body  weight  of  the  test  animal  is  an  important  factor,  but  with  standard 
source  and  ages  of  chicks,  and  uniformity  of  food,  there  is  little  variation 
between  hatchings. 

The  very  rapid  growth  rate  of  young  chicks  made  it  seem  pertinent  to 
determine  whether  markedly  increased  thyroid  weight  takes  place  during  the 
7th  and  8th  days  after  hatching.  Mean  thyroid  weights  of  5  groups  comprising 
36  six-day-old  normal  controls  were  2.8  to  3.2  mg.  Those  of  6  seven  and  5 
eight-day  chicks  were  3.5  for  each  group.  Although  thyroid  growth  is  rapid, 
it  is  far  less  than  that  induced  by  even  minute  quantities  of  thyrotropic  anterior 
pituitary  extract. 

Comparison  with  guinea-pig  thyroid  test.  Thyroid  weights  of  normal 
guinea  pigs  were  extremely  variable  although  the  animals  were  from  a  single 
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colony.  These  weights  were  obtained  from  34  normal  guinea  pigs  killed  at 
intervals  over  a  period  of  several  months.  Ages  of  the  animals  were  known 
approximately,  those  weighing  150  to  200  gm.  being  about  30  days  of  age. 
TTiyroid  weights  of  these  animals  plotted  against  body  weight,  obtained  before 
feeding,  are  shown  in  figure  2.  Although  there  is  clearly  a  relation  between 
body  and  thyroid  weight,  it  is  extremely  variable.  Guinea  pigs  weighing  be¬ 
tween  175  and  225  gm.  were  most  suitable  for  experimentation  and  of  these 
no  thyroid  exceeded  30  mg.,  whereas  of  the  8  guinea  pigs  with  weights  rang¬ 
ing  from  225  to  275  gm.  all  but  two  thyroids  exceeded  30  mg.  Apparently 


Body  WtioMT  Graws 

Fig.  2.  Relation  of  guinea-pig  thyroids  to  body  weight.  All  animals  were  from  the 
same  stock  and  weighed  before  feeding. 


assays  based  on  guinea-pig  thyroid  weights  must  take  into  account  body 
weights  of  the  test  animals. 

Sixty-five  guinea  pigs  from  150  to  200  gm.  were  divided  into  13  groups 
of  5  each.  They  received  daily  subcutaneous  injections  for  5  days  and  were 
autopsied  on  the  6th  day.  Total  dosages  varied  from  0.1  mg.  to  16  mg.  of 
thyrotropic  extract.  The  experiments  extended  over  a  period  of  several  weeks, 
but  the  same  preparation  was  used  throughout.  As  shown  in  figure  3,  injec¬ 
tions  of  0.1,  0.2  and  0.4  mg.  had  no  effect.  Injection  of  1.0  mg.  in  one  of  two 
groups  produced  heavier  thyroids  than  was  expected  in  guinea  pigs  of  this 
body  weight.  Doses  of  2.0,  4.0,  8.0,  and  16.0  mg.  caused  a  more  definite 
increase  in  mean  thyroid  weight,  which  was  greater  in  those  groups  receiving 
larger  amounts  of  extract.  It  may  be  seen  that  the  highest  dose  of  16  mg.  did 
not  increase  the  mean  thyroid  weight  over  those  receiving  half  that  amount 
of  extract,  perhaps  indicating  a  plateau  in  the  curve. 

Thyroids  of  guinea  pigs  receiving  the  smaller  doses  were  fixed  in  Bouin 
and  sectioned  to  determine  whether  histological  changes  were  correlative  with 
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weight  increase.  Examination  of  normal  guinea-pig  thyroids  almost  invariably 
showed  early  stages  of  thyroid  hyperplasia.  Nearly  all  showed  resorption 
vacuoles  and  in  such  acini,  usually  the  central  ones,  the  epithelium  was  de¬ 
monstrably  higher  than  the  more  peripheral,  lacking  these  vacuoles.  Histo¬ 
logical  structure  of  the  definitely  enlarged  thyroids  was  in  all  cases  markedly 
affected.  The  epithelium  was,  in  many  regions,  columnar,  with  numerous  and 
large  resorption  vacuoles.  The  characteristic  roimded  outline  of  the  acini 
disappeared  with  higher  doses,  becoming  flattened  and  irregular,  or  star¬ 
shaped.  Although  marked  histological  changes  always  accompanied  thyroid 
hypertrophy,  variation  between  acini  in  one  gland  is  too  great  to  distinguish 
accurately  between  the  different  groups.  Hyperplastic  thyroids  were  found  in 
the  group  receiving  0.4  mg.  of  pituitary  extract,  although  the  thyroid  weight 
of  this  group  did  not  exceed  that  of  controls,  demonstrating  that  histological 
tests  may  be  more  sensitive  than  those  dependent  on  gland  hypertrophy.  The 
minimum  thyrotropic  dose  detectable  histologically  in  the  chick  was  not  de¬ 
termined,  but  active  thyroids  were  obtained  with  one-fourth  the  amount  pro¬ 
voking  a  similar  response  in  the  guinea  pig. 

DISCUSSION 

Use  of  the  day-old  chick  for  hormone  assay  offers  several  advantages  over 
the  guinea  pig.  Chicks  react,  by  thyroid  weight  increase,  to  one-tenth  the 
amount  of  material  necessary  to  produce  hypertrophy  in  the  guinea  pig.  The 
assay  range,  based  on  chick  thyroid  weight,  is  much  longer  with  maximum 
response  obtainable  with  100  times  the  minimal  stimulating  dose,  whereas 
maximum  response  of  the  guinea-pig  thyroid  was  obtained  with  only  8  times 
the  minimum.  The  chick  thyroid  was  capable  of  a  weight  increase  of  10  to  11 
times  in  a  5 -day  injection  period,  whereas  the  guinea-pig  thyroid  increased 
only  4  to  5  times  its  original  weight  under  similar  conditions. 

The  chick  has  certain  practical  advantages  over  the  guinea  pig.  An  un¬ 
limited  supply  of  the  same  age  and  weight  is  readily  available  from  standard 
stock.  Chicks  are  comparatively  inexpensive,  require  little  space,  may  be  fed 
a  highly  standardized  diet,  and  environmental  temperature  is  easily  controlled. 
Most  of  these  factors  are  of  considerable  importance  in  thyroid  physiology. 
The  specificity  of  their  reaction  to  thyrotropic  hormone  and  the  toleration  of 
urine,  serum,  and  crude  extract  injections  permit  their  use  in  clinical  as  well 
as  laboratory  studies. 

If  increased  thyroid  weight  be  taken  as  a  basis  for  assay,  the  criterion  used 
in  deciding  a  positive  reaction  must  be  carefully  chosen.  Arbitrary  selection  of 
some  increase  in  the  mean  thyroid  weight  over  controls  does  not  suflSciently 
account  for  variation  within  the  two  groups.  If  variation  is  great,  as  is  the  case 
with  the  guinea  pig,  and  size  of  the  group  small,  such  an  increase  may  be 
insignificant,  whereas  if  both  groups  are  consistent  and  of  fair  size,  such  an 
increase  may  be  unnecessarily  large.  If  a  statistical  test  of  significance  is  used 
to  decide  a  questionable  assay,  the  test  is  more  objective  and  therefore  more 
useful.  In  such  decisions  two  means  are  involved,  either  that  of  the  controls 
and  experimentals  or  of  two  different  experimental  groups;  thus  it  is  the 
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significance  of  the  difference  between  two  means  which  is  always  in  question. 
For  this  reason  the  standard  errors  of  the  means  were  not  plotted  in  the  graphs. 

In  calculating  the  toift  the  formula  tDif/= 

was  used.  A  difference  between  two  means  of  more  than  twice  the  ezx//  was  ac¬ 
cepted  as  significant. 

Using  this  test  of  significance,  the  curves  shown  in  figures  1  and  3  can  be 
critically  examined.  Such  an  analysis  reveals  that  injection  of  1.0  mg.  of  extract 
into  a  group  of  5  guinea  pigs  did  not  significantly  increase  thyroid  weight, 
but  repetition  of  these  same  injections  in  a  second  group  produced  a  significant 


Effect  of  higher  do5es 

Totau  Mean 

Dosage  Thyroid  WtiGHi 

60  - 6Q0  rng 

80  mg; - 69  0  mg 

160  mg. - 640  mg 


zoh  • 
Z  I  • 


Total  Dosage  milugrams 


Fig.  i.  Effect  of  thyrotropic  extract  on  thyroid  weight  of  guinea  pigs.  Each  point  represents 
the  mean  thyroid  weight  of  J  guinea  pigs. 


increase.  Doubling  this  amount  increased  the  average  weight  slightly  in  one 
of  two  groups  of  5  animals.  There  was  not,  however,  a  significant  difference 
between  the  response  elicited  by  1.0  and  2.0  mg.  of  extract.  Injection  of  4.0 
mg.  resulted  in  only  slightly  heavier  thyroids  than  produced  by  2.0  mg.  There 
was,  however,  a  significant  difference  between  the  response  to  4.0  and  8.0 
mg.  Injection  of  16.0  mg.  did  not  produce  heavier  thyroids.  Apparently  enor¬ 
mous  increase  in  amount  of  injected  material  must  be  made  before  clearly 
recognizable  change  in  thyroid  weight  is  produced.  This  prevents  accurate 
determination  of  the  potency  of  an  unknown,  by  comparing  the  mean  weights 
of  the  test  guinea  pigs  to  values  in  a  standard  curve.  Should  larger  numbers 
of  guinea  pigs  be  employed,  and  significant  differences  found,  such  a  system 
of  assay  from  a  standard  curve  could  be  accomplished. 

Examination  of  the  chick  assay  curve  reveals  a  somewhat  different  situation 
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(fig.  1 ) .  Throughout  most  of  this  curve,  differences  of  100  per  cent  in  amount 
of  injected  hormone  can  be  determined  when  5  chicks  are  used  for  each  dosage. 
However,  this  is  not  invariable,  for  the  mean  thyroid  weights  of  chicks  receiv- 


Fig.  4.  Section  of  a  normal  6-day  old 
chick  thyroid.  x400. 


Fig.  5.  Drawing  of  the  thyroid  region  of  a  6-day  old  chick ; 
a.  carotid  artery,  b.  subclavian  artery,  c.  thyroid  glands,  J.  para¬ 
thyroid  glands,  e.  thymus,  f.  crop,  g.  jugular  vein,  i>,  coracoid 
and  furcula  (clavicle). 


ing  0.2  mg.  and  0.4  mg.  extract  were  not  significantly  different  statistically, 
but  when  15  animals  were  used  to  test  each  dose,  the  difference  did  become 
significant. 
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If  such  numbers  of  chicks  are  used,  the  potency  of  an  unknown  may  be 
determined  by  comparison  with  the  standard  curve.  However,  more  satisfactory 
results  may  be  obtained  by  adjusting  the  dosage  so  that  thyroids  but  slightly 
heavier  than  normal  are  produced.  The  endpoint  is  sharp,  the  variation  in  this 
portion  of  the  curve  is  low,  and  significant  values  are  obtainable  with  small 
groups  of  chicks. 

At  the  present  time,  it  does  not  appear  advantageous  to  attempt  definition 
of  a  thyrotropic  unit.  However,  reproducible  quantitative  work  can  be  done 
using  the  day-old  chick  thyroid  weight  test,  and  checking  the  results  by  an 
appropriate  test  of  significance. 

SUMMARY 

The  effect  of  injected  thyrotropic  extract  on  the  thyroid  weight  of  day-old 
chicks  has  been  studied  and  compared  with  other  methods  of  testing  for  this 
hormone.  The  chick  thyroid  is  an  exceedingly  sensitive  test  for  this  material, 
reacting  to  one-tenth  the  amount  required  to  affect  the  weight  of  guinea-pig 
thyroids.  Chick  thyroid  weight  increases  with  the  amount  of  hormone  injected 
over  a  wide  range  of  dosages,  whereas  the  guinea-pig  thyroid  weight  increases 
over  a  narrow  range.  Chick  thyroid  response  is  consistent,  significant  values 
being  obtainable  with  small  groups.  Administration  of  the  total  dose  of  thyro¬ 
tropic  extract  in  multiple  injections  greatly  increases  the  response.  Crude  non- 
pituitary  extracts,  urine,  and  blood  serum  do  not  affect  chick  thyroid  weight. 
Thyroid  weight  of  normal  guinea  pigs  is  exceedingly  variable,  even  when 
considered  in  terms  of  body  weight,  thus  requiring  that  animals  used  for  assay 
be  within  a  narrow  weight  range.  Histological  response  is  elicited  by  amounts 
of  extract  too  small  to  produce  hypertrophy  and  is,  therefore,  the  more  sensi¬ 
tive  test,  although  not  as  adaptable  to  quantitative  assay.  If  it  is  desired  to 
demonstrate  small  amounts  of  thyrotropic  principle,  both  histological  structure 
and  thyroid  weight  should  be  taken  as  criteria  of  an  effect.  A  statistical  treat¬ 
ment  of  assay  data  is  advocated. 
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The  determination  of  thyrotropic  activity  in  the  urine  allows  some  measure 
of  pituitary  thyrotropic  function.  Aron  and  Klein  (1)  in  1930  first  reported 
the  presence  of  thyrotropic  hormone  in  the  urine.  Untreated  urine  from  pa¬ 
tients  with  hyperthyroidism  and  from  normals  was  injected  into  guinea  pigs 
with  resultant  histologic  changes  in  the  thyroids  interpreted  as  meaning  in¬ 
creased  activity.  Hellwig  (2),  Nielson  (3),  and  Giedosz  (4)  in  1933  and 
1934  injected  urine  from  various  sources  into  rabbits  with  frequently  positive, 
but  inconstant,  results,  due  possibly  to  the  unsuitability  of  the  rabbit  as  a  test 
animal. 

There  have  since  been  several  reports  failing  to  confirm  these  authors  and  sug¬ 
gesting  that  the  criteria  of  thyroid  activity  used  by  the  earlier  workers  were  not  suffi¬ 
ciently  strict.  Krogh  and  Okkels  (5),  in  1933,  using  guinea  pigs  as  the  test  ani¬ 
mals,  found  no  thyrotropic  activity  in  the  urine  of  normals,  or  in  10  of  11  patients 
with  hyperthyroidism,  even  after  concentrating  the  urine,  the  11th  being  positive. 
In  the  same  year.  Smith  and  Moore  (6)  were  also  unable  to  find  activity  in  the 
urine  of  hyperthyroidism,  and  in  1935,  Guyenot,  Pouse  and  Dottrens  (7),  who 
also  used  the  guinea  pig,  could  not  demonstrate  thyrotropic  activity  in  the  urine 
of  pregnancy.  Finally,  in  1936,  Autognetti  and  Geriola  (8)  could  find  no  activity 
in  the  urine  of  normals,  or  from  patients  with  either  hyperthyroidism  or  hypo¬ 
thyroidism. 

Recently  there  have  been  several  reports  which  suggest  a  possible  explanation 
for  some  of  these  conflicting  results.  Hertz  and  Oastler  (9)  in  1936  used 
hypophysectomized  rats  as  the  test  animal,  and  unconcentrated  urine.  Urines  from 
patients  with  hypothyroidism  consistently  maintained  a  normal  histology  in  the  rat 
thyroids,  but  normal  and  hyperthyroid  urines  did  not  influence  the  inactive  state 
to  which  the  rat  thyroids  had  regressed.  Thompson  (10)  in  1937  also  reported 
that  extracts  of  urine  from  patients  with  postoperative  myxedema  gave  positive 
results  as  tested  in  the  guinea  pig.  Cope  (11)  in  1938  failed  to  get  positive  results 
from  myxedema  urine,  but  found  that  the  urine  of  thyroidectomized  rabbits  con¬ 
tained  thyrotropic  activity.  He  found  no  activity  in  urines  of  normal  subjects,  but  in 
2  of  17  cases  of  hyperthyroidism  obtained  definitely  positive  results. 

If  one  may  summarize  from  these  reports,  it  seems  probable  that  normal 
urine  contains  no  thyrotropic  activity  determinable  by  present  methods,  but 
that  in  an  occasional  case  of  hyperthyroidism  the  urine  is  undoubtedly  posi- 

•  This  investigation  has  been  aided  by  a  grant  from  the  Josiah  Macy,  Jr.,  Foundation. 
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tive.  It  is  in  urines  from  hypothyroidism  that  the  greatest  inconsistencies  occur. 
Many  investigators  report  positive  results,  but  the  impression  is  obtained 
that  urinary  thyrotropic  activity  is  found  more  frequently  in  both  animals  and 
man  after  thyroidectomy  than  in  spontaneous  human  myxedema. 

We  have  assayed  urines  from  various  animals  and  man  with  results  in 
general  accord  with  the  above  summary.  The  only  condition  in  which  activity 
was  consistently  present  was  that  of  post-thyroidectomy. 

METHODS 

We  have  used  immature,  female,  virgin  guinea  pigs  weighing  about  200 
gm.  exclusively  as  the  test  animal.  Into  these  guinea  pigs  we  have  injected 
subcutaneously  various  preparations  of  urine,  the  injections  being  made  daily 
for  4  days.  On  the  5th  day  the  animals  were  killed  by  a  blow  on  the  head,  and 
the  thyroid  glands  immediately  removed  and  fixed  in  Zenker-formol  solution. 
During  the  test  the  animals  were  kept  on  a  diet  containing  a  minimum  amount 
of  iodine  (12). 

The  response  was  determined  by  the  degree  of  vacuolization  of  the  colloid 


Table  1.  Urinary  thyrotropic  activity  in  thyroidectomized  dogs 


Dog 

Degree  of  Maxi¬ 
mum  Positive 

Time  to 

First  Positive 

Time  to 

Last  Positive 

Duration  of 
Activity 

1 

-|-h+ 

3  weeks 

4  weeks 

1  week  (died) 

2 

0 

3 

0 

4 

+ 

4 

6 

2 

5 

0 

6 

+ 

3 

10 

7 

7 

++ 

8 

18 

10 

8 

0 

9 

0 

10 

++ 

2 

2 

0  (died) 

and  heightening  of  the  acinar  epithelium,  as  seen  histologically.  The  minimum 
positive,  1-|-,  showed  definite  breaking  up  of  colloid  and  increase  in  height  of 
the  epithelium,  and  the  maximum,  4-|-,  practical  absence  of  colloid  and  ex¬ 
treme  heightening  and  infolding  of  the  epithelium.  Our  interpretation  of  the 
histological  pictures  followed  rather  closely  the  rules  laid  down  by  Heyl  and 
Laquer  (13)  although,  after  examining  more  than  a  thousand  guinea-pig 
thyroids  histologically,  we  are  somewhat  more  conservative  than  these  investi¬ 
gators  in  admitting  the  presence  of  activity.  Normal  guinea  pig  thyroids  are 
remarkably  imiform,  but  occasionally  show  the  minimum  positive  response  of 
Heyl  and  Laquer. 

We  early  found  untreated  urine  too  toxic  for  the  guinea  pigs  to  make  it  a 
suitable  test  substance.  Precipitation  with  flavianic  acid  gave  inactive  prepara¬ 
tions,  and  absorption  on  charcoal  or  diatomaceous  earth  was  likewise  unsatis¬ 
factory  as  most  of  the  activity  remained  in  solution.  The  most  useful  procedure 
has  been  a  modification  of  the  prolan  method  of  Meyer  ( 14) . 

To  200  to  500  cc.  of  urine,  which  usually  represent  about  a  12-hour  speci¬ 
men,  are  added  5  volumes  of  95  per  cent  alcohol,  and  precipitation  allowed 


to  take  place  overnight.  The  supernatant  is  removed  by  decantation  and 
centrifugation.  To  the  precipitate  is  added  300  cc.  of  40  per  cent  acetone  in 
w'ater  containing  1  to  2  per  cent  of  ammonium  hydroxide.  This  is  mixed  well, 


Fie.  1.  Thyroid  glands  from  guinea  pigs  injected  with  urinary  extracts.  x4^.  A.  Dog  7  before 
lidectomv.  Inactiye.  B.  Dog  7  three  months  after  thyroidectomy.  2+  activity.  C.  Dog  7  seven 


thyroidectomy.  Inactive.  B.  Dog  7  three  months  after  thyroidectomy.  2+  activity.  C.  Dog  7  seven 
months  after  thyroidectomy.  Inactive.  D.  Patient  Do  six  weeks  after  thyroidectomy,  l-f-  activity.  £. 
Patient  Do  one  year  after  thyroidectomy.  Doubtful  activity.  F.  Patient  Do  18  months  after  thyroidectomy. 
Inactive. 


allowed  to  stand  several  hours,  and  the  precipitate  removed  by  filtration  or 
centrifugation.  To  the  supernatant  are  added  3  volumes  of  acetone,  and  the 
precipitation  allowed  to  continue  overnight.  The  usually  milky  supernatant  is 
then  poured  off  or  removed  by  centrifugation,  the  precipitate  dried  in  an  air 
bla.st,  and  dis.solved  in  from  5  to  15  cc.  of  water.  The  solution  is  made  alkaline 
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to  phenolphthalein  with  a  few  drops  of  0.5  normal  sodium  hydroxide,  and 
any  insoluble  material  removed  by  centrifuging.  It  is  then  neutralized  with 
0.5  normal  sulfuric  acid,  using  phenolsulfonphthalein  as  the  indicator,  and 
injected. 

RESULTS 

A ) ,  Dog.  Ten  dogs  were  thyroidectomized  and  their  urines  examined  at 
frequent  intervals  for  the  presence  of  thyrotropic  hormone.  Five  showed 
transient  thyrotropic  activity,  whereas  the  remaining  5  at  no  time  showed 
definite  activity.  The  results  are  shown  in  table  1 . 

The  first  positive  results  were  usually  noted  in  3  or  4  weeks,  and  the 
effect  never  lasted  over  3  months.  In  figure  1  are  shown  sections  from  guinea 
pigs  injected  with  the  urinary  extracts  of  one  dog,  7,  before  thyroidectomy, 
during  urinary  thyrotropic  activity,  and  after  disappearance  of  activity. 

In  from  25  per  cent  to  100  per  cent  of  dogs  there  is  aberrant  thyroid 
tissue  in  the  mediastinum  (15).  It  is  possible  that  the  dogs  showing  no 
activity  had  such  tissue  which  prevented  their  becoming  hypothyroid.  Two  of 
these  negative  dogs  were  reexplored  in  the  cervical  region,  but  no  remaining 
thyroid  tissue  was  found.  The  mediastinum  was  not  searched. 

Two  dogs,  6  and  7,  which  had  had  positive  urines  were  autopsied  after 
thyrotropic  activity  had  disappeared  from  their  urine.  In  neither  was 
mediastinal  thyroid  tissue  found,  but  in  one,  7,  a  small  bit  of  thyroid  tissue, 
about  1x1x1  cm.  was  found  near  the  larynx.  On  histologic  examination  this 
showed  marked  stimulation. 

B ) ,  Pig.  One  pig  was  thyroidectomized  and  3  weeks  later  showed  definite 
thyrotropic  activity  in  the  urine.  This  has  persisted  for  2  months. 

C ) ,  Man.  Urines  from  patients  with  and  without  thyroid  disease  were 
examined  for  thyrotropic  activity.  The  results  are  shown  in  table  2.  Nine  pa¬ 
tients  with  other  than  thyroid  disease  had  uniformly  negative  urinary  tests. 
Of  7  patients  with  hyperthyroidism,  2  had  definite  evidence  of  activity,  and 
the  others  were  negative.  One  of  those  showing  activity  had  recurrent  hyper¬ 
thyroidism  after  a  thyroidectomy  4  years  before.  Thirteen  cretins  were  like¬ 
wise  negative  except  in  2  cases,  where  there  was  minimal  thyrotropic  activity. 
Four  patients  with  adult  spontaneous  myxedema  were  uniformly  negative. 

The  thyroidectomized  humans,  however,  showed  findings  similar  to  those 
of  thyroidectomized  animals.  Six  patients  examined  within  a  year  of  thyroid¬ 
ectomy  all  showed  urinary  thyrotropic  activity.  The  urine  of  one  of  them  (Do), 
on  reexamination  a  year  after  operation  showed  doubtful  activity,  and  on  a 
third  examination  18  months  postoperative  no  activity  was  obtained.  These 
sections  are  shown  in  figure  1.  Four  patients  examined  later  than  a  year  after 
operation  showed  only  doubtful  or  negative  effects.  From  these  few  cases  it 
would  seem  that,  for  perhaps  a  year  after  thyroidectomy,  thyrotropic  hormone 
appears  in  the  urine,  but  that  it  later  disappears.  In  one  patient  with  marked 
hypothyroidism  a  year  after  radiation  of  the  thyroid  there  was  no  urinary 
activity. 

DISCUSSION 

The  origin  of  the  thyrotropic  material  in  urine  is  presumably  in  the  pitui- 
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Table  2. — Urinary  thyrotropic  activity  in  patients 


Patient 

Diagnosis 

Urinary 

Thyrotropic 

Activity 

A.  No  thyroid  disease 

Ra 

Renal  glycosuria 

0 

Da 

Acromegaly 

0 

Wh 

Ateleotic  dwarfism 

0 

Ly 

Diabetes 

0 

Xa 

Psychoneurosis 

0 

Og 

Gynecomastia 

0 

Kr 

Ateleotic  dwarfism 

0 

Jo 

Ateleotic  dwarfism 

0 

Da 

Normal 

0 

B.  Thyroid  disease: 

Ti 

Hyperthyroidism 

0 

Bv 

Hyperthyroidism 

0 

Be 

Hyperthyroidism 

+ 

Ca 

Hyperthyroidism 

0 

Si 

Hyperthyroidism 

0 

He 

Hyperthyroidism 

0 

Tr 

Recurrent  (4  yr.)  hyperthyroidism 

+ 

Ro 

Cretinism 

0 

Co 

Cretinism 

0 

Ha 

Cretinism 

0 

Pe 

Cretinism 

+ 

Cl 

Cretinism 

0 

Sm 

Cretinism 

0 

Ka 

Cretinism 

0 

Kr 

Cretinism 

0 

Cu 

Cretinism 

0 

Fi 

Cretinism 

0 

Kn 

Cretinism 

0 

Ca 

Cretinism 

0 

Ge 

Cretinism 

+ 

Ge 

Cretinism,  after  thyroid  treatment 

0 

Ge 

Cretinism,  after  omitting  thyroid 

+ 

Pe 

Adult  spontaneous  myxedema 

0 

Sk 

Adult  spontaneous  myxedema 

0 

Mi 

Adult  spontaneous  myxedema 

0 

Fr 

Adult  spontaneous  myxedema 

0 

Xj  2  weeks  post-thyroidectomy 

Degree  of  Hypothyroidism 

0 

+ 

Do  6  weeks  post-thyroidectomy 

+ 

+ 

Do  1  year  post-thyroidectomy 

Do  1  and  one  half  year  post. 

0 

± 

0 

0 

Le  6  months  post-thyroidectomy 

0 

+ 

So  7  months  post-thyroidectomy 

+ 

++ 

Ti  1  year  post-thyroidectomy 

0 

+ 

Ev  2  years  post-thyroidectomy 

± 

± 

fFa  4  years  post-thyroidectomy 

0 

0 

Bl  9  years  post-thyroidectomy 

+++ 

0 

Md  1  year  post-radiation 

+++ 

0 

tary,  the  evidence  for  this  being  that  its  action  is  similar  to  extracts  prepared 
from  the  pituitary,  and  that  this  action  cannot  be  produced  by  extracts  from 
other  organs  ( 16) .  It  is  thus  in  one  respect  different  from  gonadotropic  urinary 
substances,  since,  in  addition  to  the  pituitary,  these  may  also  come  from  the 
placenta.  The  occurrence  in  the  urine  of  substances  having  other  pituitary 
actions  is  less  definite,  but  may  well  occur. 

The  equivocal  nature  of  the  evidence  of  urinary  thyrotropic  activity  in 
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normal  and  hyperthyroid  individuals  may  be  due  either  to  its  absence,  or  to  the 
insensitiveness  of  the  tests  applied.  It  must  be  concluded,  however,  that  in 
these  conditions  there  is  ordinarily  no  excess  output  over  the  amount  of  thyro¬ 
tropic  hormone  required  by  the  thyroid,  whether  its  state  be  normal  or  hyper¬ 
active.  We  have  no  evidence  from  these  studies  of  the  urine  that  the  amount 
of  hormone  put  out  by  the  pituitary  in  most  cases  of  hyperthyroidism  is  greater 
than  normal,  or  that  hyperthyroidism  may  actually  be  due  to  such  an  increased 
output,  except  the  striking  likeness  between  the  conditions  produced  in  the 
natural  disease  and  by  the  administration  of  pituitary  extracts. 

In  the  two  instances  in  which  the  urine  in  hyperthyroidism  contained 
thyrotropic  activity,  one  was  in  a  typical  mild  case.  The  other  was  in  a  patient 
who  had  recurrent  hyperthyroidism  after  a  thyroidectomy  4  years  previously. 
What  part  this  may  have  played  we  do  not  know. 

It  was  at  first  confusing  to  know  why  some  cases  of  hypothyroidism  had 
urinary  thyrotropic  activity,  and  others  did  not,  but  it  soon  became  apparent 
that  those  who  showed  activity  were  the  ones  that  had  recently-acquired  hypo¬ 
thyroidism,  usually  by  operation.  The  long-standing  cases  of  hypothyroidism, 
that  is,  the  patients  with  myxedema  and  cretinism,  seldom  showed  any  evidence 
of  increased  manufacture  of  thyrotropic  substance  by  the  pituitary.  It  is  im¬ 
possible  to  say  whether  or  not  these  subjects  had  had  excess  thyrotropic  hor¬ 
mone  in  earlier  stages.  Of  the  two  exceptions  which  did  show  thyrotropic 
activity,  one  (Pe),  had  very  severe  cretinism,  and  the  other  (Ge),  had  a  dis¬ 
appearance  of  urinary  activity  after  the  administration  of  thyroid,  and  a  return 
of  activity  after  its  omission. 

The  fact  that  in  both  animals  and  man  the  urinary  thyrotropic  hormone 
occurred  only  when  the  hypothyroidism  was  of  relatively  recent  origin  sug¬ 
gests  that  the  cessation  of  normal  thyroid  hormone  output  stimulates  the  pitui¬ 
tary  to  secrete  an  extra  amount  of  thyrotropic  substance  in  an  effort  to  restore 
normal  thyroid  function.  Why  this  effort  at  compensation  is  transient,  we 
cannot  say.  It  may  be  due  to  habituation  of  the  pituitary  to  the  state  of  thyroid 
want,  which  previously  had  stimulated  it,  or  to  lack  of  need  for  excess  pituitary 
hormone  because  of  regeneration  of  remaining  bits  of  thyroid  tissue  with 
restoration  of  the  animal  to  a  somewhat  more  normal  state.  What  little  evi¬ 
dence  there  is  largely  favors  the  former  view.  In  the  one  dog,  in  which  no 
thyroid  tissue  could  be  found  at  autopsy,  the  diminution  in  thyrotropic  activity 
was  very  similar  to  that  in  the  other  dog  in  which  a  remnant  of  highly  stimu¬ 
lated  thyroid  was  found.  It  is  probable  that  even  in  the  latter  dog  the  amount  of 
thyroid  was  inadequate  and  that,  in  spite  of  need,  pituitary  function  decreased. 

In  the  patients  the  duration  of  thyrotropic  urinary  activity  was  again  ap¬ 
parently  more  closely  related  to  the  time  after  operation  than  to  the  degree  of 
clinical  hypothyroidism.  It  appeared  in  those  with  no  signs  of  myxedema,  and 
was  absent  in  others  with  definite  myxedema.  The  exceptional  cretin,  Ge, 
however,  showed  urinary  activity  only  when  thyroid  therapy  was  interrupted, 
which  makes  it  probable  that  the  increased  pituitary  output  in  this  case  was 
related  to  the  occurrence  of  hypothyroidism. 

It  is  quite  likely,  therefore,  that  both  habituation  to  the  stimulus  of  thyroid 
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deficiency  and  a  return  to  an  adequately  maintained  metabolic  level  may  at 
different  times  be  responsible  for  diminished  pituitary  thyrotropic  activity. 

SUMMARY 

Urinary  thyrotropic  activity  could  not  be  demonstrated  in  normal  man  or 
normal  animals,  and  only  rarely  in  human  hyperthyroidism.  Transient  urinary 
thyrotropic  activity  regularly  followed  thyroidectomy  in  animals  and  in  man, 
but  could  only  rarely  be  demonstrated  in  spontaneous  hypothyroidism. 

We  wish  to  thank  Dr.  E.  K.  Marshall,  Jr.  for  his  suggestions  and  criticism  during  this 
work,  Dr.  L.  Wilkins  for  allowing  us  to  study  several  of  his  patients,  and  Dr.  W.  Rienhoff, 
Jr.  and  Dr.  D.  Sprang,  Jr.  for  performing  the  thyroidectomies  on  the  experimental  animals. 
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THE  EFFECT  ON  THE  GROWTH  RATE  OF  THYRO-PARATHY- 
ROIDECTOMY  IN  NEWBORN  RATS  AND  OF  THE  SUB¬ 
SEQUENT  ADMINISTRATION  OF  THYROID, 
PARATHYROID  AND  ANTERIOR 
HYPOPHYSIS^-  * 

THEODORA  NUSSMANN  SALMON 
From  the  Department  of  Anatomy,  College  of  Physicians  and  Surgeons, 
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Athyroidism  has  long  been  known  to  result  in  severe  retardation  of 
growth,  first  seen  clinically  in  cretins,  later  experimentally  induced  by  thy¬ 
roidectomy  of  immature  animals.  The  work  of  von  Eiselsberg  ( 1 )  and  Simp¬ 
son  (2,  3)  on  sheep  and  goats,  and  of  Tatum  (4)  on  rabbits  indicated  that, 
in  younger  animals  the  severity  of  the  reaction  to  thyroidectomy  is  relatively 
greater  than  in  older  ones.  Hammett  (5,  6,  7),  however,  reported  that  in  rats 
thyro-parathyroidectomized  at  ages  between  23  and  100  days  a  more  severe 
growth  retardation  occurred  in  the  older  than  in  the  younger  animals.  Since 
age  seems  to  be  an  important  factor  in  the  response  to  thyroid  deficiency, 
newborn  rats  were  subjected  to  thyro-parathyroidectomy  (8).  No  previous 
reports  have  dealt  with  ablation  in  such  young  mammals.  Rats  are  well  adapted 
for  these  studies  because  they  are  very  immature  at  birth,  and  the  characteristic 
structure  of  the  thyroid  develops  only  during  the  last  3  days  in  utero  (9) . 

The  following  experiments  were  conducted  in  an  attempt  to  analyze  in 
part  the  effect  on  the  body  growth  of  newborn  thyro-parathyroidectomized 
rats,  of  thyroid,  parathyroid  and  pituitary  therapy.  Studies  on  the  specific 
responses  of  organs  and  the  skeletal  system  are  reserved  for  future  reports. 

EXPERIMENTAL  PROCEDURES 

The  operation  was  performed  on  rats  of  the  Long-Evans  strain  during  the 
first  or  second  day  of  life.  They  were  anesthetized  by  cooling  to  about  5°  to 
10°  C.  for  one-half  hour,  according  to  the  technic  described  by  Wiesner  ( 10) . 
G)ntrol  rats  chilled  in  this  manner  show  no  ill  effects.  The  method  has  the 
advantages  of  controlling  reflexes  and  of  partially  arresting  circulation,  so 
that  there  is  no  necessity  of  tying  off  blood  vessels.  The  animal’s  loss  of  blood 
is  negligible.  The  operation  was  done  under  a  binocular  dissecting  micro¬ 
scope  with  iridectomy  scissors,  forceps  and  a  finely  hooked  needle.  Instru¬ 
ments  were  sterilized  in  70  per  cent  alcohol.  Small  diamond-shaped  pieces 
of  filter  paper  served  as  sponges.  The  operating  table  was  made  of  cork 

*  Aided  by  >  grant  from  the  Committee  for  Research  in  Problems  of  Sex,  The  National  Research  Council, 
administered  by  Dr.  Philip  E.  Smith. 

’  Submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy,  in  the 
Faculty  of  Pure  Science  of  Columbia  University. 
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plates  in  two  levels,  so  that  the  head  of  the  animal  could  be  placed  lower  than 
the  torso,  giving  the  ventral  neck  the  greatest  possible  exposure.  The  body  of 
the  animal  was  held  in  place  by  strips  of  lead  foil  suitably  pinned  into  the 
cork.  A  slightly  tensed  rubber  band  across  the  upper  jaw  held  the  head  in 
place.  The  skin  of  the  neck  was  swabbed  with  70  per  cent  alcohol  prior  to 
incision.  The  length  of  the  incision  was  limited  to  5  to  7  mm.  so  that  the 
final  wound  was  minimal  in  size.  Tension  on  the  edges  of  the  incision  could 
easily  be  regulated  by  bent  pin  retractors  sharpened  at  both  ends.  These 


Table  1.  Distribution  of  experimental  and  normal  animals  used  in  the 

EXPERIMENTS  HERE  REPORTED 


Type  of  experiment 

Sex 

No. 

of 

con¬ 

trols 

No.  of 
animals 
oper¬ 
ated 

Sur¬ 

vivors 

Status 

To¬ 

tals 

To¬ 

tal 

Operated  1st  or  2nd  day 

d' 

164 

396 

132 

33 

29  successful  removal 

29 

ot life 

9 

69 

176 

51 

29 

21 

50 

Operated  1st  or  2nd  day. 

d 

4 

4 

4 

.[appearance  indicated 

Fed  thyroid  after  wean- 

9 

2 

3 

3 

successful  removal  at 

7 

ing. 

Operated  1st  or  2nd  day. 

d 

6 

8 

40 

D 

Fed  thyroid  only  from 

5 

Hi 

day  of  operation 

D 

15 

Operated  1st  day.  Para- 

d 

21 

79 

47 

59 

9  successful  removal 

9 

thyroid  1  u  daily  subcu- 

9 

8 

27 

10 

37 

5  successful  removal 

5 

14 

taneously. 

Operated  1st  day.  Given 

d 

6 

15 

11 

73 

8  normal  growth  curve 

8 

thyroid  and  parathyroid 

9 

7 

13 

5 

39 

4  normal  growth  curve 

4 

12 

from  day  of  operation. 

Operated  1st  day.  Pitu- 

5 

7 

7 

/4  complete  removal 

itary  implanted  after 

13  thyroid  remnant 

7 

weaning. 

o 

2 

2 

2 

/ 1  complete  removal 

\l  thyroid  remnant 

2 

9 

Totals 

752 

287 

Total  no.  experimental 

102 

animals  reported. 

could  be  hooked  into  the  skin  and  later  into  the  sterno-hyoid  muscle  on  one 
end  and  into  the  cork  at  any  desired  position  at  the  other  end. 

Injury  to  the  recurrent  laryngeal  nerve  was  carefully  avoided.  Since  the 
thyroid  isthmus  is  comparatively  large  in  newborn  rats,  there  was  no  difficulty 
in  seeing  or  removing  it.  The  chief  difficulty  lay  in  removing  all  traces  of  the 
upper  lobes  at  the  point  of  entrance  of  the  superior  thyroid  artery.  Thyroids 
of  newborns  are  quite  gelatinous  in  consistency,  as  well  as  translucent.  The 
incision  was  closed  with  silk  sutures  and  a  thin  celloidin  membrane.  The  entire 
operation  took  only  5  minutes,  after  which  time  the  reviving  animals  began  to 
squirm.  They  were  kept  in  a  warm  place  until  no  longer  chilled,  and  then 
replaced  with  the  mother  rats.  The  majority  of  mothers  showed  little  ob¬ 
jection  to  caring  for  operated  young. 

All  animals  were  checked  after  autopsy  for  complete  removal  by  examina- 
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tion  of  serial  sections  of  the  entire  thyroid  region  of  the  neck.  Microscopic 
remnants  composed  of  only  a  single  follicle  were  found  in  3  cases.  Rats  with 
remnants  as  large  as  20  follicles  showed  all  the  symptoms  of  complete  thyroid¬ 
ectomy,  but  are  not  included  in  the  cases  reported.  In  most  animals  used,  no 
trace  of  thyroid  could  be  demonstrated,  although  a  few  which  had  less  than 
10  follicles  are  included. 

A  regular  record  was  kept  of  body  weights.  Eruption  of  incisors  and  the 
time  of  opening  of  the  eyes  was  noted.  The  attempt  to  take  measurements 
of  body  and  tail  length  had  to  be  abandoned  because  tetany  was  frequently 
induced  by  ether  anesthesia.  Occasionally  spasms  of  tetany  occurred  spon¬ 


taneously  and  were  undoubtedly  the  cause  of  some  of  the  deaths.  These, 
if  treated  in  time,  seemed  to  be  relieved  by  injections  of  one  or  two  units  of 
parathyroid  extract  (Lilly)  injected  subcutaneously.  As  the  thyroidectomized 
rats  grew  older,  they  received  nourishment  not  only  from  mother’s  milk  but 
from  lettuce  and  special  rations  of  adult  lactating  rats.  When  they  seemed  to 
feed  too  slowly,  additional  nourishment,  Borden’s  Eagle  Brand  Condensed 
Milk,  diluted,  was  given  with  a  pipette. 

Of  752  animals  (521  males  and  231  females)  operated,  209  males  and 
78  females  survived  beyond  the  critical  period  of  the  first  postoperative  week 
(table  1).  The  50  animals  used  to  study  the  effects  of  thyroidectomy  itself 
were  killed  at  intervals  of  7,  14,  20  to  30,  40,  50,  and  60  days.  With  two 
exceptions,  their  lives  could  not  be  prolonged  beyond  60  days  because  of  their 
susceptibility  to  infection  or  acute  intestinal  stasis.  The  growth  curves  of 
these  animals  are  shown  in  figure  1.  Of  every  litter  the  heaviest  animals  were 
operated  upon,  their  lighter  brothers  and  sisters  being  used  as  controls.  Thus, 
the  normal  curve  represents  a  minimum  which  these  experimental  animals 
would  have  attained.  During  the  first  week  the  experimental  curve  was  still 
parallel  to  the  normal  but  slightly  below  it.  During  the  second  week  real  re¬ 
tardation  began.  After  3  weeks  the  size  difference  was  marked  and  other 
symptoms  of  arthyroidism  were  recognizable,  especially  the  fore-shortened 
infantile  head  and  awkward  sluggish  movements.  The  soft  infantile  hair 
coat  was  retained.  Figure  2  shows  an  animal  thyro-parathyroidectomized  on  the 
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first  day  of  life  with  its  normal  unoperated  litter  mate,  aged  40  days. 

Since  the  growth  plateau  of  these  rats  began  conspicuously  at  about  the 
normal  weaning  date,  a  series  was  planned  to  rule  out  the  effect  of  the 
withdrawal  of  mother’s  milk  on  their  growth.  A  group  of  16  (8  male  and 
8  female)  animals  was  allowed  to  remain  with  the  mother  rats,  who  con¬ 
tinued  to  suckle  them  without  objection  for  a  period  of  2  to  4  weeks  beyond 
the  normal  weaning  date.  In  no  case  was  the  growth  curve  different  from 
those  weaned  at  23  days. 

Another  series  of  operated  rats  was  given  foster-mothers.  As  soon  as  the 


Fig.  2.  Newborn  thyro-parathyroidectomized  rat  and 
control  (both  temales),  aged  40  days. 


first  litter  was  weaned  another  litter  of  newborns  was  given  them  to  suckle. 
Six  mothers  suckled  2  litters  in  succession  and  4  suckled  3  litters  in  succession. 
The  growth  curves  of  controls  and  operated  animals,  respectively,  in  each  litter 
were  duplications  of  those  of  the  previous  litter.  There  is,  therefore,  no  evi¬ 
dence  for  any  factor  in  mother’s  milk  which  might  be  responsible  either  for 
the  early  growth  or  for  cessation  of  growth.  The  determining  factor  must  be 
in  the  operated  rats. 

The  effects  of  therapy  iv  'ith  thyroid,  parathyroid  and  anterior  hypophysis. 
The  first  thyroid  feeding  experiments  were  begun  after  weaning  age.  Since 
most  previous  experimental  work  on  thyroid  feeding  was  intended  to  result 
in  hyperthyroidism,  optimum  doses  were  determined  by  trial.  Two  animals, 
for  example,  which  had  been  deprived  of  their  thyroids  until  weaning  time, 
showed  the  typically  high  sensitivity  which  thyroidectomized  animals  show 
to  thyroid.  They  became  highly  nervous  and  excitable  when  given  as  much 
as  5  mg.  of  Armour’s  dried  thyroid  powder  daily,  and  were  dead  within  a  week. 
To  obtain  beneficial  results  the  dosage  must  be  kept  low  enough  to  be  non¬ 
toxic  (11,  12).  Rats,  which  have  been  completely  thyroidectomized,  show 
very  definite  symptoms  by  the  time  they  reach  weaning  age.  Seven  such  ani- 
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mals  were  fed  1  mg.  of  Armour’s  dried  thyroid  powder  on  alternate  days  for 
3  months.  Some  growth  was  initiated,  but  apparently  such  treatment  is  in¬ 
adequate  to  repair  the  damage  done  by  the  lack  of  thyroid  and  parathyroid  dur¬ 
ing  the  first  3  postnatal  weeks. 

A  group  of  30  newborn  animals  was  thyro-parathyroidectomized,  and  the 
15  survivors  fed  Armour’s  dried  thyroid  powder  on  alternate  days  beginning 
with  the  time  of  operation.  The  dose  was  0.1  mg.  to  0.5  mg.  during  the  first 
40  days,  and  1  mg.  for  the  remainder  of  the  1 30  to  290  days  of  their  lives. 
The  thyroid  powder  was  mixed  on  a  glass  plate  with  a  very  small  drop  of 
Borden’s  Eagle  Brand  Condensed  Milk,  and  placed  on  the  rat’s  tongue  with 
a  narrow'  spatula.  In  a  very’  short  time  the  rats  showed  an  eagerness  for  this 
mixture. 

These  animals  all  grew  to  some  extent,  but  their  growth  curves  were 
considerably  below  normal.  Figure  3  shows  the  average  growth  curve  of  these 
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Fip.  3.  Newborn  thyro-parathyroidectomized  animals  fed  thyroid  from  birth  did  not 
maintain  the  normal  growth  curve.  No.  27}-2  was  an  exception  whose  weights  were  not 
included  in  the  average.  Controls  represent  litter  mates  only  ot  the  experimental  animals. 

animals.  One  of  the  15  animals  (a  female.  No.  275-2)  had  a  normal  curve. 
This  animal’s  growth  was  therefore  plotted  alone.  A  microscopic  examina¬ 
tion  of  serial  sections  of  the  neck  region  revealed  a  thyroid  remnant  and 
two  small  cell  groups  which  could  not  definitely  be  identified  as  parathyroid. 
On  the  basis  of  these  animals  it  is  apparent  that  attempts  to  obtain  normal 
growth  curves  after  thyro-parathyroidectomy  by  the  administration  of  thyroid 
alone  were  unsuccessful. 

A  group  of  106  newborn  animals  were  thyro-parathyroidectomized,  57 
surviving.  These  were  injected  daily  w'ith  1  u  (Hanson’s)  of  parathyroid  ex¬ 
tract  (Lilly).  This  dose  was  chosen  because  it  was  sufficient  to  alleviate 
symptoms  of  tetany,  and  because  no  visible  harmful  results  were  noted.  Rats 
thus  injected  seemed  quite  sensitive  to  the  withdrawal  of  parathyroid.  A  few 
cases  died  when  the  parathyroid  injection  was  omitted  for  one  day.  After 
examination  of  serial  sections  of  the  neck  region,  14  of  these  animals  were 
shown  to  have  been  thyroidectomized  successfully.  The  individual  growth 
curves  of  the  parathyroid  injected  animals  all  come  w’ithin  the  range  of  the 
curves  of  operated  animals  not  injected,  and  their  average  is  not  significantly 
different.  It  would  seem  that  the  administration  of  parathyroid  alone  is  unable 
to  influence  the  growth  curv’e  of  thyro-parathyroidectomized  rats. 
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A  series  of  thyro-parathyroidectomized  newborns  was  treated,  beginning 
immediately  after  operation,  with  thyroid  feeding  and  daily  injections  of  para¬ 
thyroid  extract.  Of  28  rats  operated,  16  survived  beyond  the  first  4  days. 
Twelve  of  these  animals  received,  on  alternate  days,  0.1  mg.  thyroid  (Armour’s 
dried  thyroid  powder)  during  the  first  week,  0.2  mg.  during  the  second  and 
third  weeks,  0.5  mg.  for  4  months  and  after  that  time  1  mg.  was  given.  For 
the  first  90  days  only,  they  received  daily  1  u  of  parathyroid  extract  (Lilly). 
These  animals  all  showed  normal  growth  curves  entirely  comparable  to  those 
of  the  unoperated  controls  (fig.  4).  Although  without  a  trace  of  their  own 
thyroids,  2  of  the  males  were  allowed  to  mate  and  sired  normal  litters.  One 


Fig.  4.  A  normal  growth  was  obtained  when  thyro-parathyroidectomized  newborns 
were  treated  with  both  thyroid  and  parathyroid.  Controls  represent  litter  mates  only  of 
the  experimental  animals. 


of  the  experimental  females  was  bred  with  one  of  the  above  mentioned  males. 
She  became  pregnant  but  did  not  give  birth  at  the  normal  time,  presumably 
because  the  dose  of  thyroid  given  during  pregnancy  was  not  increased.  The 
attempt  to  relieve  her  by  Caesarian  section  was  made  too  late.  There  were  7 
dead  fetuses. 

The  remaining  4  of  the  16  received  5  times  as  much  thyroid  and  the 
same  amount  of  parathyroid  extract  as  the  above  group.  Their  growth  curves 
were  entirely  normal  for  the  first  2  weeks.  During  the  next  week  they  fell 
behind  the  normals.  At  the  end  of  6  weeks  their  weight  was  about  two-thirds 
normal.  It  is  possible  that  the  amount  of  thyroid  given  was  in  excess  of  that 
tolerated  by  the  animals  for  normal  growth.  Since  the  amount  given  them 
was  different  from  that  given  the  12  animals  with  normal  growth  curves, 
these  4  animals  are  omitted  from  the  average  curves  shown  in  figure  4. 

It  is  possible  to  maintain  the  normal  growth  curve  of  rats  completely  thyro- 
parathyroidectomized  at  birth  by  the  administration  of  both  thyroid  and  para¬ 
thyroid  extract  in  optimum  dosages. 

Nine  rats  which  gave  evidence  at  weaning  time  of  being  completely 
thyroidectomized  were  given  pituitary  implants  from  normal  adult  rats.  Five 
received  daily  implants  (2  animals  were  given  2  pituitaries,  3  were  given  1 
pituitary  at  each  implant)  and  4  animals  received  implants  on  alternate  days, 
a  single  pituitary  being  used  for  each  implant. 
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The  5  rats  receiving  daily  implants  were  found  after  examination  of  serial 
sections  of  the  neck  region  to  have  no  trace  of  thyroid.  No  significant  change 
in  the  growth  rate  was  accomplished  by  implants.  The  animals  remained 
at  the  same  plateau  level  as  the  untreated  thyro-parathyroidectomized  rats 
(%  5). 

The  4  rats  receiving  implants  on  alternate  days  chanced  to  have  thyroid 
remnants.  These  remnants  showed  greatly  hypertrophied  epithelium  and 
markedly  reduced  colloid.  In  each  of  these  rats  some  resumption  of  growth 
occurred,  although  they  received  only  one-half  as  much  pituitary  material 
as  the  5  animals  above,  which  had  been  completely  thyroidectomized  (fig.  6). 
Two  of  the  animals  with  thyroid  remnants  had  less  than  20  follicles,  there- 


Fig.  ).  The  effect  of  pituitary  implants  after  weaning  on  animals  thyro-parathyroid¬ 
ectomized  at  birth.  When  the  thyroid  was  completely  removed  no  growth  response  was 
elicited. 


fore  would  have  had  a  growth  plateau  if  left  untreated.  Two  had  more  than 
20  follicles,  and  therefore  might  have  had  some  slight  elevation  of  growth 
curve  independent  of  the  pituitary  implants.  It  is  probable  that  the  admin¬ 
istration  of  pituitary  increased  the  amount  of  growth  in  these  animals. 

Thus  it  was  found  possible  to  stimulate  growth  by  pituitary  implants  only 
in  rats  in  which  some  thyroid  remnant  was  present. 

DISCUSSION 

The  results  of  thyro- parathyroidectomy  at  birth.  The  early  experimenters 
on  thyroidectomy  and  on  thyro-parathyroidectomy  seemed  to  be  unanimous  in 
the  opinion  that  the  effects  were  more  severe  the  younger  the  animal  at  the 
time  of  operation  (1,  2,  3,  4,  13).  Hammett  (5,  6,  7),  who  thyro-parathyroi¬ 
dectomized  rats  at  23,  30,  50,  65,  75  and  100  days  of  age,  concluded  that  the 
effects  of  thyro-parathyroidectomy  were  more  severe  the  older  the  animal  at 
the  time  of  operation.  This  conclusion  is  based  on  the  statistical  treatment  he 
has  chosen  to  use  for  his  data.  All  of  Hammett’s  series  were  autopsied  at  the 
age  of  1 50  days.  A  comparison  of  the  amount  of  weight  gained  by  the  operated 
rats  with  the  amount  of  weight  gained  by  the  controls  in  the  same  time  period 
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shows  that  the  relative  increase  is  not  as  high  in  the  older  operated  animals 
as  in  the  younger  ones.  However,  at  best,  the  statistical  comparison  of  the 
reactions  of  animals  at  different  ages  is  beset  with  diflSculties.  The  normal 
variables  in  a  complex  physiological  organism  are  not  the  same  at  50  days  as 
they  are  at  100  days. 

A  careful  examination  of  Hammett’s  data  reveals  the  following  facts,  a). 
For  each  group  (operated  at  23,  30,  50,  65,  75,  and  100  days)  a  definite 
retardation  occurred  when  the  experimental  animals  are  compared  with  their 
normal  litter-mate  controls;  b),  After  a  period  of  readjustment,  during  which 
the  percentage  rate  of  growth  of  the  operated  animals  drops  in  comparison 


Fig.  6.  Pitvitary  implants  administered  to  newborn  thyro-parathyroidectomized  rats  caused 
a  growth  response  in  those  animals  in  which  a  thyroid  remnant  was  found  after  autopsy. 

with  that  of  the  controls,  the  percentage  rate  of  growth  again  equals  that 
of  the  controls  in  both  the  younger  and  older  operated  groups;  c).  When  the 
data  from  Hammett’s  tables  are  taken  and  the  absolute  average  weights  of  all 
series  of  his  experimental  animals  are  plotted  together  there  is  a  striking 
similarity  in  their  trend.  There  is  less  actual  difference  between  the  curves 
of  the  average  weights  of  the  operated  animals  than  between  the  respective 
curves  of  the  unoperated  normal  groups.  The  wide  differences  in  the  average 
growth  curves  of  the  control  groups  are  an  indication  of  the  non-uniformity 
of  the  quality  of  the  animals  used  in  the  different  experimental  series.  'The  fol¬ 
lowing  figures  from  Hammett’s  tables  (6,  pp.  71-73)  are  presented  to  show 
that  some  doubt  should  be  thrown  on  the  justifiability  of  comparing  statistically 
the  growth  retardation  of  the  animals  in  one  group  with  those  of  another 
group.  Animals  operated  at  23  days  and  their  controls  averaged  30  gm.  at 
the  time  of  operation.  At  50  days  the  controls  weighed  103  gm.  and  the 
operated  77  gm.  Animals  operated  at  50  days  showed  an  average  weight  of 
81  gm.  at  the  time  of  operation.  Their  controls  averaged  78  gm.  'These  animals, 
apparently  normal  at  the  time  of  operation,  have  an  actual  weight  not  signifi¬ 
cantly  different  from  those  which  had  been  operated  at  23  days.  Animals  op¬ 
erated  at  23  days  averaged  154  gm.  when  they  reached  100  days  of  age; 


I 


454 


THEODORA  NUSSMANN  SALMON 


Volume  23 


their  controls  weighed  an  average  of  218  gm.  Animals  operated  at  100  days 
averaged  160  gm.  at  the  time  of  operation,  only  6  gm.  higher  than  animals 
which  had  been  thyro-parathyroidectomized  at  23  days. 

There  can  be  no  objection  to  comparing  thyro-parathyroidectomized  ani¬ 
mals  with  their  own  litter  mate  controls,  if  all  litter  mates  come  within  similar 
weight  range  at  the  beginning  of  the  experiment.  But  a  comparison  between 
separate  groups  is  of  doubtful  validity  when  the  members  of  one  normal  group 
show  developmental  disadvantages  which  make  them  resemble  the  experi¬ 
mental  animals  of  another  group.  Hammett  has  concluded  (7,  p.  42)  that 
"the  older  the  animal  at  the  time  of  the  initiation  of  the  glandular  deficiency 
the  greater  the  subsequent  retardation  of  growth  in  body  weight,  body 
length  and  tail  length.”  It  is  possible  that  this  view  is  open  to  question  even 
from  Hammett’s  own  data,  and  the  data  obtained  in  the  present  investiga¬ 
tion  do  not  support  such  a  conclusion. 

Rats  thyro-parathyroidectomized  at  birth  show  not  only  a  quantitatively 
lower  growth  curve  than  animals  operated  at  older  ages  (6,  8),  but  also 
qualitatively  a  different  kind  of  curve,  since  a  growth  plateau  is  reached  after 
3  weeks.  The  present  experiments  show  that  the  initiation  of  this  growth 
plateau  which  begins  at  about  23  days  is  unrelated  to  weaning  or  to  any 
demonstrable  effect  of  substances  in  the  mother’s  milk.  Whether  or  not  this 
is  an  indication  of  a  critical  period  in  the  rat’s  life  and  its  significance,  if  any, 
can  only  be  determined  by  further  experimental  work.  Growth  during  the 
first  3  weeks  up  to  the  plateau  level  must  represent  the  inherent  growth 
capacity  of  the  organism,  since  the  prenatal  influence  of  the  thyroid  is  prac¬ 
tically  negligible  (9).  A  study  of  the  growth  curve  of  newlx)rn  operated 
animals  shows  no  significant  difference  from  the  control  curve  during  the 
first  7  to  10  days,  but  if  the  thyroid  is  left  intact  during  the  first  week  and 
is  then  removed  (see  curve  for  7-day  operated  animals,  Salmon,  8)  the  rat 
is  enabled  to  grow  to  a  far  greater  size.  This  can  only  mean  that  during  the 
first  days  of  the  rat’s  life  the  thyroid  exerts  a  definite  effect  on  capacity  for 
growth,  but  that  the  results  of  its  influence  are  not  expressed  until  much 
later,  implying  that  the  thyroid  has  a  fundamental  role  in  the  developing 
animal. 

The  effects  of  therapy  with  thyroid,  parathyroid  and  anterior  hypophysis. 

Thyroid  feeding  alone  was  inadequate  to  restore  normal  growth  in  thyro- 
parathyroidectomized  rats.  In  rats  fed  thyroid  from  weaning  time,  beginning 
with  0.5  mg.  on  alternate  days  and  gradually  increasing  to  5  mg.  on  alternate 
days,  a  rise  in  growth  from  the  plateau  of  the  untreated  operated  animals  was 
observed.  'The  growth  curve  somewhat  paralleled  the  normal  curve,  but  the 
animals  failed  to  attain  the  actual  weight  of  the  normal  controls.  This  is  in 
agreement  with  the  clinical  findings  that  an  advanced  cretinous  retardation 
cannot  be  fully  repaired.  When  thyroid  feeding  was  begun  at  the  time  of 
operation,  the  early  part  of  the  growth  curve  of  the  experimental  paralleled 
the  normal  curves  (figure  3).  However,  with  one  exception,  these  animals 
failed  to  retain  the  normal  rate  of  growth.  'These  rats  had  no  parathyroids 
but  did  not  show  the  cyclical  retardation  which  Hammett  (14)  describes  for 
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his  parathyroidectomized  animals.  Smith,  Greenwood,  and  Foster  (12)  were 
able  to  obtain  normal  growth  curves  in  rats  thyroidectomized  at  about  40  days 
by  giving  them  low  doses  of  thyroid  extract.  The  reason  for  the  growth  re¬ 
tardation  in  the  present  series  is  not  clear.  It  is  possible  that  the  dosage  was 
not  optimum  (especially  since  thyroidectomized  animals  are  so  sensitive)  or 
that  thyroid  alone,  especially  during  the  first  weeks  of  development  is  not 
sufficient  to  produce  a  normal  growth  pattern. 

Parathyroidectomized  rats  were  found  by  Hammett  (14)  to  have  a  reduced 
growth  rate;  Burrows  (15)  found  no  change  from  the  normal,  though  he  is 
reluctant  to  claim  total  parathyroidectomy.  Parathyroid  extracts  can  be  ad¬ 
ministered  to  normal  animals  in  quantities  sufficient  to  retard  growth  (15,  16, 
17,  18,  19)  although  small  quantities  have  no  adverse  effect  on  growth  (20). 
Burrows  (15)  found  that  growth  was  inhibited  less  with  Hanson’s  extract 
of  parathyroid  than  with  Collip’s.  After  10  Hanson  u  (2  Collip  u)  daily  for 
4  weeks,  his  injected  animals  were  92  per  cent  of  the  weight  of  the  controls.  In 
parathyroidectomized  rats  1  or  2  u  of  Collip’s  extract  daily  resulted  in  growth 
curves  like  the  normal.  It  would  seem  that  the  amount  of  parathyroid  sub¬ 
stance  used  in  the  present  experiment  ( 1  Hanson  u  daily)  was  not  sufficient 
to  have  caused  a  harmful  effect  on  growth,  nor  did  this  amount  have  any 
effect  toward  restoring  the  normal  growth  curve  when  administered  alone. 

With  the  administration  of  thyroid  and  parathyroid  simultaneously  in 
thyro-parathyroidectomized  rats,  beginning  at  the  time  of  operation,  the 
growth  curve  of  all  but  4  rats  (which  were  given  5  times  as  much  thyroid 
as  the  rest)  was  strikingly  similar  to  their  normal  litter-mate  controls  (fig. 
4).  The  same  dose  of  thyroid  which  did  not  result  in  normal  growth  curves, 
when  given  alone,  did  result  in  normal  growth  curves  when  parathyroid  was 
also  administered  during  the  early  part  of  development.  The  fact  that  the 
thyro-parathyroidectomized  rats  of  Smith,  Greenwood  and  Foster  (12)  re¬ 
sponded  with  normal  growth  curves  to  the  administration  of  thyroid  alone, 
whereas  those  of  the  present  experiment  did  not,  may  represent  a  difference 
in  response  capacity  at  different  ages.  Parathyroid  may  be  an  essential  factor  in 
the  growth  of  the  first  few  weeks.  However,  in  the  event  that  the  thyroid 
dosage  was  not  optimum  in  the  present  experiment,  the  presence  of  para¬ 
thyroid  may  have  facilitated  the  response  of  the  organism  to  thyroid. 

That  the  pituitary  is  essential  for  growth  was  shown  by  Smith  (21,  22) 
when  he  caused  dwarfing  in  rats  by  hypophysectomy  and  restored  normal 
growth  by  pituitary  implants.  Dwarfing  has  been  prevented  in  thyroidectomized 
rats  with  anterior  pituitary  implants  by  Smith  (23)  and  by  the  administration 
of  growth  substance  from  the  anterior  lobe  by  Flower  and  Evans  ( 24) .  Growth 
can  be  obtained  by  administration  of  anterior  pituitary  in  animals  lacking  both 
thyroid  and  hypophysis,  although  the  amount  of  growth  is  increased  by  the 
use  of  thyroid  substance  in  addition  (23).  It  would  seem  from  this  experi¬ 
mental  work  that  the  anterior  hypophysis  is  the  primary  factor  in  the  growth 
process  (25).  Preliminary  examinations®  show  that,  in  the  pituitaries  of  the 
newborn  thyro-parathyroidectomized  rats,  thyroidectomy  changes  as  described 


•  The  pituitaries  of  the  rats  in  the  present  series  are  now  being  studied  by  Dr.  A.  E.  Severinghaus. 
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by  Severinghaus,  Smelser  and  Clark  (26)  have  occurred.  If  the  retardation 
of  growth  in  these  animals  was  due  to  a  pituitary  deficiency  caused  by  thyroid¬ 
ectomy,  then  implantation  of  normal  pituitaries  should  have  caused  a  growth 
response.  The  data  presented  in  figure  5  show  that  in  rats  completely  thyro- 
parathyroidectomized  such  a  growth  response  did  not  occur.  The  animals  re¬ 
mained  at  the  same  growth  plateau  level  as  untreated  thyro-parathyroidecto- 
mized  rats.  Only  rats  which  were  later  shown  to  have  had  a  thyroid  remnant  . 
showed  a  growth  response.  It  is  not  possible  to  determine  from  the  present 
experiments  why  this  expected  growth  response  did  not  occur.  The  following 
possibilities  are  presented.  A),  Age  may  be  a  factor.  The  thyroid  may  be 
the  predominant  influence  in  the  early  stages  of  development  during  the 
first  days  after  birth,  when  many  of  the  patterns  of  development  of  the  or¬ 
ganism  are  being  laid  down.  Later,  the  pituitary  may  become  predominant 
and  be  a  factor,  perhaps  to  some  extent  independent  of  the  thyroid  in  the 
expression  of  these  patterns.  B),  The  response  capacity  of  the  end  organ  may 
be  a  factor.  The  thyroidectomized  rats  described  by  Flower  and  Evans  (24) 
and  by  Smith  (23)  had  the  benefit  of  thyroid  until  shortly  before  the  pituitary 
replacement  test.  It  is  well  known  that  it  takes  some  time  for  the  influence 
of  thyroid  to  wear  off.  The  newborn  thyroidectomized  rat  has  had  very  little, 
if  any,  benefit  of  its  own  thyroid.  Possibly  the  end  organs  need  to  be  primed 
with  thyroid  before  they  can  respond  to  pituitary  growth  hormone.  Further 
experiments  will  be  required  to  clarify  this  problem. 

SUMMARY 

Thyro-parathyroidectomy  of  newborn  rats  resulted  in  severe  retardation  of 
growth.  After  3  weeks  the  operated  animals  remained  in  a  growth  plateau 
at  about  25  to  35  gm.  They  showed  many  of  the  symptoms  of  cretinism,  in¬ 
cluding  the  susceptibility  to  infection,  which  limited  the  time  they  could  be 
kept  alive  to  about  2  months. 

The  growth  plateau  was  not  related  to  weaning  or  to  any  demonstrable 
factor  in  mother  rat’s  milk.  Complete  repair  was  not  obtained  when  newborn 
thyro-parathyroidectomized  rats  were  fed  thyroid  powder  beginning  at  wean¬ 
ing  time. 

Operated  animals  given  parathyroid  injections  beginning  with  the  time 
of  operation  showed  a  growth  curve  not  significantly  different  from  that  of 
untreated  operated  animals.  Normal  growth  response  was  not  obtained  when 
newborn  thyro-parathyroidectomized  rats  were  given  thyroid  alone  beginning 
at  the  time  of  operation.  Normal  growth  curves  were  obtained  in  thyro-para¬ 
thyroidectomized  newborns  when  they  were  fed  thyroid  and  given  parathyroid 
injections. 

Pituitary  implants  administered  to  newborn  thyro-parathyroidectomized 
rats  after  weaning  time  did  not  produce  a  growth  response  if  the  animal  was 
completely  thyroidectomized.  Only  where  thyroid  remnants  were  demonstrable 
was  a  growth  response  noted. 

I  wish  to  express  my  gratitude  to  Drs.  E.  T.  Engle,  P.  E.  Smith,  and  G.  K.  Smelser 
for  their  advice  and  support  of  these  studies. 
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EFFECT  OF  LONG-TERM  INJECTIONS  OF  TESTOSTERONE 
UPON  THE  GUINEA-PIG  ENDOMETRIUM 

DORIS  PHELPS,  JOHN  C.  BURCH  and  E.  T.  ELLISON 
From  the  Department  of  Obstetrics  and  Gynecology 
Vanderbilt  University  School  of  Medicine 
NASHVILLE,  TENNESSEE 

It  has  been  reported  by  several  investigators  that  the  administration  of 
male  sex  hormone  prevents  the  occurrence  of  normal  menstrual  bleeding  in 
both  monkeys  (1,  2)  and  women  (3).  It  has  also  been  observed  that  in  mon¬ 
keys  this  treatment  inhibits  the  bleeding  which  regularly  follows  castration  or 
estrin  withdrawal  in  the  castrate  ( 2 ) .  Moreover,  testosterone  propionate  has 
been  used  with  some  success  in  the  treatment  of  functional  uterine  bleeding 
(4,  5,  6).  The  mechanism  concerned  in  the  production  of  these  results  is  not 
clear.  In  the  hope  of  obtaining  some  clue  which  might  lead  to  an  understanding 
of  the  factors  involved,  an  investigation  of  endometrial  changes  which  result 
from  the  administration  of  testosterone  was  undertaken.  The  first  step  in  this 
investigation  was  a  study  of  the  effect  of  long-term  injections  of  testosterone 
upon  the  guinea-pig  endometrium  as  compared  with  the  effect  of  similar 
treatment  with  a  low  dosage  of  estrin.  It  has  been  shown  previously  in  this 
laboratory  that  guinea  pigs,  subjected  to  the  long-continued  daily  injection  of 
a  small  amount  of  estrin,  develop  typical  glandular  cystic  hyperplasia  of  the 
endometrium  (7,  8). 

METHODS 

Six  adult  female  castrated  guinea  pigs  were  injected  with  1  mg.  of  tes¬ 
tosterone  propionate'  daily  for  34  days,  and  2  guinea  pigs  were  similarly 
treated  for  26  days.  Biopsies  of  the  uterus  were  obtained  on  the  22nd  (8  ani¬ 
mals)  and  31st  (6  animals)  days  of  the  experiment. 

Four  adult  female  castrated  guinea  pigs  were  injected  with  2  r.u.  of 
theelin®  daily  for  39  to  40  days,  and  4  guinea  pigs  were  similarly  treated  for 
30  to  34  days.  Biopsies  of  the  uterus  were  obtained  on  the  26th  day  ( 3  animals) 
or  22nd  and  31st  days  (3  animals)  of  the  experiment.  In  addition,  biopsies 
of  the  uterus  were  obtained  from  17  guinea  pigs  which  had  received  2  R.u, 
of  theelin  daily  for  21  days. 

Vaginal  smears  were  obtained  daily  throughout  the  experiment.  Biopsies 
and  autopsies  were  performed  24  hours  after  the  injection  which  immediately 
preceded.  At  autopsy,  the  uteri  and  vaginae  were  preserved  for  histologic 
study.  All  tissue  was  fixed  in  Bouin's  fluid  and,  after  being  sectioned,  was 
stained  with  hematoxylin  and  eosin. 

*  Oreton  (testosterone  propionate  in  a  solution  of  sesame  oil),  generously  supplied  by  the  Schering 
Corporation  through  the  courtesy  of  Dr.  Erwin  Schwenk. 

*  Parke.  Davis  &  Company,  theelin  in  oil,  box  marked  No.  178,  arnpoule  numbered  J070694.  Accord¬ 
ing  to  the  assay  of  D'Amout  and  Gustavson  (9),  1  R.u.  of  this  preparation  is  equivalent  to  11  l.u. 
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Fig.  1.  Section  of  uterus  of  adult  castrated  guinea  pig  (x22). 

Fig.  2.  Section  of  uterus  of  adult  castrated  guinea  pig  injected  with  1  mg.  of  testosterone 
propionate  daily  for  }4  days  (x22 ) . 

Fig.  3.  Section  of  uterus  of  adult  castrated  guinea  pig  injected  with  2  R.u.  of  theelin  daily 
for  -fO  days  (x22). 

RESULTS  AND  DISCUSSION 

Endometria  of  guinea  pigs  injected  with  testosterone  showed  typical  swiss- 
cheese  dilatation  of  the  glands,  moderate  proliferation  of  the  surface  epithe¬ 
lium,  mild  proliferation  of  the  glandular  epithelium  and  a  very  mild  reaction 
of  the  stroma  ( fig.  2 ) .  There  was  a  slight  increase  in  the  number  and  tortuosity 
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of  the  glands  (fig.  2),  as  compared  with  the  castrate  condition  (fig.  1).  Tlie 
surface  epithelium  showed  moderate  or  marked  speudostratification.  The  cells 
were  tall,  with  round  or  long,  slender,  oval  nuclei  and  finely  granular,  uni¬ 
formly  stained  cytoplasm.  The  epithelium  of  undilated  glands  showed  mild 
pseudostratification  but  considerable  crowding  of  the  nuclei.  The  cells  were 
moderately  tall,  with  round  nuclei  and  somewhat  alveolar  cytoplasm.  The 
epithelium  of  dilated  glands  was  low  cuboidal  or  flattened.  Mitotic  figures 
were  fairly  numerous  in  the  surface  epithelium  and  in  dilated  glands,  but 
were  observed  only  occasionally  in  undilated  glands.  The  stroma  was  slightly 
increased  in  thickness,  as  compared  with  the  castrate  condition.  In  limited  areas 
the  stromal  cells  showed  changes  similar  to  those  characteristic  of  the  response 
to  theelin,  namely  an  increased  amount  of  cytoplasm  and  large,  round,  vesic¬ 
ular  nuclei.  Occasional  mitotic  figures  were  observed.  There  was  a  slight 
amount  of  edema;  it  was  confined  to  areas  located  immediately  beneath  the 
surface  epithelium.  Leucocytes  were  not  present  in  significant  numbers.  Capil¬ 
laries  were  fairly  numerous  just  beneath  the  surface  epithelium. 

Endometria  of  guinea  pigs  injected  with  theelin  showed  typical  swiss- 
cheese  dilatation  of  the  glands,  marked  proliferation  of  the  surface  and  glandu¬ 
lar  epithelium  and  a  strong  reaction  of  the  stroma  (fig.  3).  The  surface  and 
glandular  epithelium  showed  marked  pseudostratification  and  numerous  mi¬ 
totic  figures  (in  both  dilated  and  undilated  glands).  Except  in  cystic  glands, 
the  cells  were  very  tall,  with  long,  slender,  oval  nuclei  and  finely  granular, 
uniformly  stained  cytoplasm.  In  many  of  the  dilated  glands  the  epithelium  w'as 
low'  cuboidal  or  flattened,  in  some  it  was  pseudostratified.  A  few  specimens 
showed  mild  metaplasia  of  the  surface  epithelium.  As  compared  with  the 
castrate  conditions,  the  stroma  was  increased  in  thickness,  the  cytoplasm  of 
the  stromal  cells  w'as  increased  in  amount  and  the  nuclei  w-ere  large,  round 
and  vesicular.  A  strong  response  of  the  stroma  was  further  indicated  by  the 
presence  of  mitotic  figures,  edema  in  the  superficial  and  middle  portions, 
and  by  the  presence  of  typically  hyperplastic  areas.  The  latter  w'ere  character¬ 
ized  by  very  sjxingy  structure,  abundant  edema,  extreme  vascularity,  marked 
infiltration  with  leucocytes  (including  many  eosinophiles),  and,  occasionally, 
hemorrhage.  Leucocytes  were  numerous  in  the  superficial  third  of  the  en¬ 
dometrium.  Capillaries  were  very  numerous,  especially  just  beneath  the  surface 
epithelium. 

The  glandular  dilatation  produced  by  testosterone  was  entirely  comparable 
in  degree  to  that  produced  by  theelin.  In  individual  specimens,  the  average 
proportion  of  glands  showing  dilatation  was  somewhat  less  than  in  specimens 
from  theelin-injected  animals,  but  the  proportion  of  animals  show'ing  extreme 
glandular  dilatation  was  somew'hat  greater.  In  the  case  of  testosterone-injected 
animals,  only  the  superficial  portions  of  the  glands  were  markedly  dilated. 
The  dilated  portions  bulged  into  the  uterine  lumen  and  did  not  penetrate 
deeply  into  the  stroma  (fig.  2).  In  specimens  from  theelin-injected  animals, 
the  dilated  glands  lay  deeper  in  the  stroma  ( fig.  3 ) ,  sometimes  occupying  the 
entire  width  of  the  latter.  Only  occasional  glands  buldged  into  the  uterine 
lumen.  This  difference  may  have  been  due  in  part  to  the  greater  increase  in 
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the  thickness  of  the  stroma  in  the  theelin-injected  animals.  The  average  length 
of  time  required  for  the  production  of  cystic  glands  was  somewhat  shorter 
with  testosterone  than  with  theelin.  Five  (83.3  per  cent)  of  the  6  animals 
receiving  testosterone  for  34  days  developed  cystic  glands,  and  in  4  of  these 
(50  per  cent  of  the  8  animals  examined)  cystic  glands  were  present  on  the 
22nd  day.  Three  (75  per  cent)  of  the  4  animals  receiving  theelin  for  39  to 
40  days  developed  cystic  glands,  but  only  5  (29.4  per  cent)  of  the  17  injected 
for  21  days  showed  marked  dilatation.  Cystic  glands  were  present  on  the 
31st  day  in  2  of  the  8  animals  injected  with  theelin  for  30  to  40  days  (33.3 
per  cent  of  the  6  examined). 

A  striking  effect  of  both  theelin  and  testosterone  was  marked  dilatation  of 
the  large  blood  vessels  and  lymphatics  of  the  uterus.  Dilatation  of  the  lym¬ 
phatics  was  especially  marked  in  the  specimens  from  testosterone-injected 
animals. 

The  vaginal  smears  of  animals  receiving  theelin  showed  prolonged  periods 
of  complete  cornification.  During  the  intervals  when  cornification  was  not  com¬ 
plete,  the  smears  contained  a  large  proportion  of  cornified  cells,  together  with 
some  leucocytes  and  epithelial  cells.  At  autopsy,  the  vaginal  epithelium  was 
found  to  be  stratified  squamous,  consisting  of  many  cell  layers  and  showing 
either  cornification  or  mucification.  In  specimens  showing  mucification  the 
cellular  changes  were  similar  to  those  produced  by  the  administration  of  sub- 
cornifying  doses  of  estrin  (10).  Vaginal  smears  of  animals  receiving  tes¬ 
tosterone  showed  throughout  the  experiment  a  mixture  of  leucocytes  and  epi¬ 
thelial  cells  with  an  insignificant  proportion  of  cornified  cells.  The  vaginal 
epithelium  showed  marked  mucification.  There  was,  however,  little  or  no 
stratification;  rarely  more  than  3  or  4  layers  of  cells  were  present. 

The  results  indicate  that  testosterone  produces  in  the  guinea-pig  endome¬ 
trium  a  response  which  is  qualitatively  similar  to  the  response  to  theelin.  The 
great  difference  in  the  intensity  of  the  generalized  response  to  each  of  these 
substances  indicates,  however,  that  the  two  substances  differ  markedly  in  po¬ 
tency  with  respect  to  their  effect  upon  the  endometrium.  This  is  further  indi¬ 
cated  by  the  difference  in  the  dosages  used.  In  view  of  this  obvious  difference 
in  potency,  the  results  indicate  further  that  cystic  dilatation  of  the  endo¬ 
metrial  glands  may  result  from  the  application  of  a  stimulus  which  is,  com¬ 
paratively  speaking,  extremely  weak.  TTiey  also  suggest  that  the  weaker  the 
stimulus  the  more  rapidly  cystic  dilatation  develops.  However,  the  difference 
observed  in  these  experiments  between  theelin  and  testosterone,  with  respect 
to  the  time  factor  involved  in  the  production  of  cystic  glands,  may  be  explain¬ 
able  on  the  basis  of  the  difference  in  dosage. 

SUMMARY 

Adult  female  castrated  guinea  pigs  were  injected  with  1  mg.  of  testoste¬ 
rone  propionate  daily  for  26  (2  animals)  or  34  (6  animals)  days.  Endometrial 
specimens  from  these  animals  were  compared  with  similar  specimens  from 
adult  guinea  pigs  which  had  received  2  R.u.  of  theelin  daily  for  21  (17  ani¬ 
mals)  or  30  to  40  (8  animals)  days.  Endometria  from  guinea  pigs  injected 
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with  testosterone  showed  typical  swiss-cheese  dilatation  of  the  glands,  moderate 
proliferation  of  the  surface  epithelium,  mild  proliferation  of  the  glandular 
epithelium  and  a  mild  reaction  of  the  stroma.  Endometria  from  guinea  pigs 
injected  with  theelin  showed  typical  swiss-cheese  dilatation  of  the  glands, 
marked  proliferation  of  the  surface  and  glandular  epithelium  and  a  strong 
reaction  of  the  stroma.  The  results  indicate  that,  a ),  the  response  of  the  guinea 
pig  endometrium  to  testosterone  is  qualitatively  similar  to  the  response  to 
theelin;  h),  theelin  and  testosterone  differ  markedly  in  potency  with  respect  to 
their  effect  upon  the  endometrium;  and  c )  cystic  dilatation  of  the  endometrial 
glands  may  result  from  the  application  of  a  stimulus  which  is,  comparatively 
speaking,  extremely  weak. 
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THE  EXCRETION  AND  FATE  OF  ANDROGENS^ 


II — CONCERNING  THE  CONVERSION  OF  ANDROGENS  TO  ESTROGENS®’  ® 
CHARLES  D.  KOCHAKIAN 

From  the  Department  of  Vital  Economics,  University  of  Rochester 
ROCHESTER,  NEW  YORK 

In  a  previous  report  ( 1 )  it  was  demonstrated  that  urinary  androgen  ex¬ 
tracts  and  synthetic  androstenedione  injected  subcutaneously  into  men,  rabbits 
and  dogs  could  be  recovered  to  the  extent  of  only  2  to  6  per  cent  in  the  urine. 
It  was  suggested  at  that  time  that  the  body  metabolizes  the  hormones  a), 
to  some  inactive  or  less  active  forms,  and  b ),  to  estrogens.  The  latter  hypoth¬ 
esis  was  based  on  the  fact  that  the  male  organism  excretes  estrogens.  The 
stallion,  in  fact,  excretes  excessive  amounts,  which  has  been  attributed  by 
Zondek  (2)  to  a  conversion  from  androgens.  On  the  other  hand.  Callow 
and  Parkes  ( 3 )  in  a  single  experiment  were  unable  to  find  a  conversion  of 
androsterone  to  estrogens  when  injected  into  a  Sebright  capon.  The  cock 
feathering  was  not  changed  to  the  henny  type. 

In  order  to  obtain  a  conversion  of  androgens  to  estrogens,  the  A  ring 
of  the  androgen  molecule  must  be  dehydrogenated  to  a  phenolic  structure. 
In  the  case  of  a  conversion  of  testosterone  (I)  to  estradiol  (III),  this  would 
require  the  introduction  of  two  more  unsaturated  groups  and  the  removal 
of  the  -CHg  group  between  rings  A  and  B.  One  of  these  is  easily  produced 
in  vitro  by  enolization  (II)  (4)  but  the  other,  which  would  require  removal 
of  the  -CHj  group  between  rings  A  and  B,  is  much  more  difficult  with  exist¬ 
ing  laboratory  methods.  The  body,  however,  may  be  able  to  demethylate  the 
compound  by  an  enzymatic  process. 

The  fact  that  estrogens  as  well  as  certain  closely  related  hydrocarbons 
are  capable  of  producing  pathological  effects  makes  a  study  of  the  metabo¬ 
lism  of  androgens  of  practical  as  well  as  theoretical  importance. 

PROCEDURE  AND  METHODS 

One  normal  and  4  castrate  dogs  were  used.  They  were  kept  in  metabolism 
cages  and  the  urine  collected  daily  under  toluene. 

The  urinary  androgen  extracts  were  prepared  in  this  laboratory  ( 5 ) .  The 
androstenedione  was  synthesized  by  known  methods  (6,  7).  The  testosterone, 
testosterone  benzoate,  testosterone  oxime,  testosterone  acetate  and  testosterone 
propionate  were  crystalline  materials*  dissolved  in  sesame  or  olive  oil. 

‘The  first  paper  in  this  investigation  (1)  was  entitled  The  Excretion  of  Male  Hormones  I. 

‘This  investigation  was  supported  by  a  grant  from  the  International  Cancer  Research  Foundation. 

•  The  data  in  this  paper  were  presented  on  April  1,  1938,  before  the  American  Phpiological  Society  at  the 
Federation  of  American  Societies  tor  Experimental  Biology  Meeting  at  Baltimore,  Md. 

*  These  substances  were  provided  through  the  courtesy  of  Dr,  E.  Schwenk  of  Schering  Corporation 
and  Dr.  E.  Oppenheimer  of  Ciba  Pharmaceutical  Products. 
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The  animals  received  the  androgens  either  as  one  single  subcutaneous 
injection  or  divided  into  2  or  3  daily  injections.  The  urines  were  collected 
for  as  long  as  24  days  after  the  first  injections  and  were  divided  into  2  to  5 
periods  varying  from  2  to  14  days  each  (table  1). 

Extraction  of  Urine.  The  combined  urine  for  each  period  was  made 
acid  to  Congo  red  with  concentrated  hydrochloric  acid  and  a  20  cc.  excess 
per  liter  was  added.  The  acidified  urine  was  then  concentrated  to  approxi¬ 
mately  1/1 0th  the  volume  in  an  evaporating  dish  on  the  steam  bath.  The 


Table  1 


Period  1  Period  2  Period  3 


Androgen  Days  Rats  Days  Rats  Days  Rats 


Urine  Extract 

75‘ 

4 

5 

0 

4 

5 

0 

781 

3 

2 

0 

3 

2 

0 

3 

2 

0 

Androstenedione 

3X20 

7 

5 

0 

7 

5 

0 

2X20\ 

1X30/ 

12 

5 

0 

10 

5 

0 

2X51  1 
1X37. 5j 

2 

10 

5 

0 

14 

5 

0 

3X60 

7 

5 

0 

10 

5 

0 

3X60 

8 

5 

0 

12 

5 

0 

Testosterone 

3X15 

6 

2 

0 

7 

2 

0 

10 

2 

0 

3X20 

6 

3 

0 

7 

2 

0 

11 

2 

0 

1‘.  Benzoate 

2X25 

6 

5 

0 

5 

5 

0 

5 

5 

0 

T.  Oxime 

2X64 

6 

4 

0 

5 

5 

0 

5 

5 

0 

T.  Acetate 

3X20 

8 

2 

0 

7 

2 

0 

3X25 

8 

2 

0 

8 

2 

0 

'1'.  Propionate 

1X238 

2 

3 

0 

2 

5M  0 

2 

5M 

0 

2M> 

0 

T.  Propionate 

Re-extr. 

4M 

0 

4Af  0 

(i)‘ 

4M 

0 

Estrone: — Rats:  1X0.004 

mg, 

.=98% 

/49\ 

\50/ 

;  1X0.003 

mg.= 

76% 

1X0.002 

mg, 

.=33% 

(S- 

Mice:  1X0.0004 

mg 

.=97% 

(i)‘ 

1X0.0002  mg.= 

79% 

(i)- 

*  As  androsterone. 

*  Normal  adult  dog. 

*  AI=Mice. 


concentrate  was  extracted  under  reflux  for  8  to  10  hours  with  about  an  equal 
volume  of  chloroform  (technical).  The  aqueous  portion  was  separated  and 
washed  once  with  fresh  solvent.  The  chloroform  was  distilled  on  the  steam 
bath,  the  residue  dissolved  in  ethyl  ether  (U.S.P.)  and  washed  twice  with 
5  per  cent  sodium  hydroxide  solution.  By  this  means  all  the  acidic  substances 
are  separated  from  the  neutral  fraction  which  contains  the  androgens.  The 
combined  alkaline  washings  were  rendered  acid  to  Congo  red  and  extracted 
3  times  with  ether,  each  portion  of  which  was  then  washed  twice  with  10 
per  cent  sodium  carbonate  solution.  The  ether  phase  now  contains  only  the 
phenolic  substances  among  which  the  known  estrogens  would  normally  be 
found.  The  ether  was  washed  with  dilute  sulfuric  acid,  water  and  dried  over 
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anhydrous  sodium  sulfate.  The  oily  residue  remaining  after  removal  of  the 
ether  was  dissolved  in  0.6  cc.  of  olive  oil  for  assay. 

In  the  last  experiment  (testosterone  propionate)  the  acid  treatment  of  the 
urine  was  modified.  The  urine  was  brought  to  pH  1,5  with  30  per  cent 
sulfuric  acid  and  after  bringing  to  a  boil  over  a  free  flame,  the  acidified 
urine  was  boiled  for  20  minutes.  The  remainder  of  the  extraction  procedure 
was  the  same  as  the  above.  After  the  acidified  urine  was  extracted  with 
CHCI3,  20  cc.  of  30  per  cent  sulfuric  acid  per  liter  of  urine  was  added  and 
the  mixture  boiled  again  and  re-extracted. 

A  more  detailed  account  concerning  extraction  of  urine  will  be  reported 
shortly. 

Assay.  The  well-known  Allen-Doisy  rat  technic  of  estrogenic  assay  was 
used.  Vaginal  smears  were  taken  at  40,  45,  50  and  60  hours  after  injections. 
Only  a  fully  nucleated  or  cornified  smear  was  considered  positive.  The  ani¬ 
mals  always  were  primed  with  a  dose  of  4  y  international  estrone  in  0.1  cc. 
of  olive  oil  one  week  before  assay.  Several  of  the  extracts  were  assayed 
simultaneously  and  at  the  same  time  4  to  6  rats  were  given  4  y  of  estrone  as  a 
control.  All  injections  were  made  subcutaneously  in  one  injection  of  0.1  cc. 
of  olive  oil  solution  except  in  a  few  instances  in  which  less  than  5  animals 
were  used. 

The  rats  were  standardized  with  an  olive  oil  solution  of  international 
standard  estrone  at  3  dose-levels.  A  positive  response  in  49  of  50  rats  (98 
per  cent)  was  obtained  with  4  y,  25  of  33  (76  per  cent)  with  3  Y 
of  48  (33  per  cent)  with  2  y-  These  values  were  checked  by  preparing  a 
second  standard  which  was  compared  with  the  above  and  found  to  be 
identical. 

In  one  experiment,  part  of  the  extract  was  assayed  in  mice  (designated 
by  M.  in  table  1 ) .  These  animals  are  approximately  1 5  times  as  sensitive  as 
rats.  For  example,  0.4  y  gave  a  positive  response  in  28  of  29  animals  (97 
per  cent)  and  0.2  y  gave  positive  results  in  27  of  34  (79  per  cent).  It  should 
be  noted  in  passing  that  the  first  signs  of  nucleated  cells  in  the  vaginal  smear 
of  the  mouse  do  not  appear  until  approximately  48  hours  after  injection 
whereas  in  the  rat  it  is  evident  within  38  hours. 

RESULTS 

The  experimental  findings  are  summarized  in  table  1.  The  urine  extracts 
are  represented  in  milligrams  of  androsterone  as  determined  by  the  capon 
method  of  assay  of  Gallagher  and  Koch  (8).  It  must  be  remembered,  how¬ 
ever,  that  these  urine  extracts  contain  in  addition  to  androsterone  (9)  other 
known  androgens  of  decreasing  potency — dehydroandrosterone  (10),  isoan- 
drosterone  (11)  and  epietiocholandiol  (12), 

At  no  time  was  a  positive  response  obtained.  This  is  true  of  the  several 
androgens  in  spite  of  their  differences  in  chemical  composition  or  of  protec¬ 
tion  of  the  polar  groups  by  the  various  esters  (testosterone  benzoate,  acetate 
and  propionate)  or  by  oximation.  The  decreasing  of  the  number  of  rats  to 
as  few  as  2  animals  receiving  the  total  extract  still  yielded  no  positive  re- 


466 


CHARLES  D.  KOCHARIAN 


Volume  23 


sponse.  In  the  last  experiment  a  large  dose,  238  mg.  of  testosterone  propionate, 
not  only  failed  to  elicit  a  response  in  the  rats  but  also  in  the  much  more 
sensitive  mice.  In  this  experiment  two  more  periods  of  3  days  each  (not 
recorded  in  the  table)  also  showed  no  response  when  assayed  on  mice.  Further¬ 
more,  a  change  in  the  hydrolysis  of  the  urine,  both  with  respect  to  the  acid 
and  the  method  of  heating,  still  gave  results  similar  to  the  other  experiments. 

In  order  to  remove  the  possibility  of  a  small  and  prolonged  excretion 
of  any  formed  estrogens,  urine  was  collected  for  as  long  as  24  days  with  a 
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first  period  of  as  much  as  12  days.  The  results  of  these  experiments  were  all 
negative. 

In  experiment  3  a  normal  adult  dog  was  used.  The  negative  results 
indicate  that  the  testes,  at  least  in  the  dog,  are  unable  to  convert  androgens  to 
estrogens. 

DISCUSSION 

Since  the  results  indicate  that  there  is  no  conversion  of  androgens  to 
phenolic  estrogens,  it  is  worth  while  to  consider  the  possible  origins  of  these 
substances  in  the  male  organism.  The  urines  of  normal  and  castrate  males 
show  estrogenic  activity  (13,  14,  15,  16,  17,  18).  Furthermore,  the  amount 
excreted  is  independent  of  the  diet  and  is  of  endogenous  origin  (19,  20). 
In  animals,  the  testes  of  the  bull  (21,  22,  23),  boar  (21,  23)  and  stallion 
(2)  contain  estrogens.  The  testes  of  the  boar  contain  more  than  those  of  the 
bull  but  less  than  those  of  the  stallion.  In  fact  the  testis  of  the  stallion  is 
the  richest  tissue  source  and  the  urine  contains  even  more  than  that  of  the 
pregnant  mare.  These  excessive  values  in  the  urine  decrease  after  castration 
( 2 )  indicating  that  the  testes  are  the  source  of  the  overabundance  of  estrogen, 
which  is  attributed  by  Zondek  (24)  to  a  conversion  of  androgens  to  estro¬ 
gens.  On  the  other  hand,  the  inability  to  demonstrate  the  slightest  conversion 
of  androgens  to  estrogens  suggests  that  the  testicular  production  of  estrogens 
is  due  not  to  a  conversion  from  androgens  but  to  the  independent  production 
of  this  material.  The  excessive  amounts  produced  by  the  stallion  may  indicate 
a  requirement  of  some  special  metabolic  process  or  an  inability  to  destroy  the 
substance. 

The  present  knowledge  of  the  adrenal  cortex  would  suggest  this  organ 
as  a  possible  source  of  the  extragonadal  sex  hormones.  Estrogenic  material  has 
been  found  in  extracts  of  this  gland  (25).  Furthermore,  a  chemically  pure 
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substance,  adrenosterone,  with  androgenic  activity  and  chemical  structure  al¬ 
most  identical  to  a  known  synthetic  androgen,  androstenedione,  has  been 
isolated  (26). 

Estrogens  in  the  male  organism,  therefore,  have  a  double  origin:  a), 
the  testis  is  able  to  produce  estrogens  independently  of  its  androgen  produc¬ 
tion,  and  b),  dsi  extragonadal  origin  which  is  probably  located  in  the  adrenal 
cortex. 

SUMMARY 

The  subcutaneous  injection  of  the  following  androgens;  urinary  androgen 
extracts  (a  mixture  of  androsterone,  dehydroandrosterone,  isoandrosterone 
and  epietiocholandiol),  androstenedione,  testosterone,  testosterone  benzoate, 
testosterone  oxime,  testosterone  acetate  and  testosterone  propionate  into  1 
normal  and  4  castrate  dogs  did  not  result  in  the  excretion  of  estrogens  in  the 
urine  as  determined  by  the  Allen-Doisy  rat  and  mouse  vaginal  smear  method. 
It  seems  that  the  male  animal  is  unable  to  convert  androgens  to  estrogens. 
The  presence  of  this  latter  material  in  the  male  organism  is  due  in  part  prob¬ 
ably  to  an  independent  production  by  the  testis  and  the  remainder  to  some 
extragonadal  source. 
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THE  PHYSIOLOGICAL  RESPONSE  OF  OCULAR  TRANSPLANTS 
OF  THE  SEMINAL  VESICLE  IN  FEMALE  RABBITS 


ROBERT  H.  MELCHIONNA  and  SARAH  FLANDERS 
From  the  Department  of  Pathology  of  the  New  York  Hospital  and 
Cornell  Medical  College 
NEW  YORK  axv 

With  the  more  intensive  investigation  of  the  action  of  the  sex  hormones 
in  various  species  of  animals,  it  is  becoming  evident  that  the  male  and  fe¬ 
male  sex  hormones  are  not  sex  specific.  In  the  male  animal,  Lacassagne  ( 1 ) 
and  others  have  shown  that  estrogens  cause  metaplasia  in  the  epithelium  of 
parts  of  the  prostate,  and  hypertrophy  of  the  seminal  vesicular  muscle.  In 
female  animals  Klein  and  Parkes  (2)  described  endometrial  changes  after 
the  injection  of  an  androgen.  In  a  study  of  the  physiological  response  of 
ocular  transplants  of  the  prostate  and  seminal  vesicle,  Moore,  Melchionna, 
Tolins  and  Rosenblum  (3)  reported  conspicuous  enlargement  of  ocular  trans¬ 
plants  in  male  animals  after  the  injection  of  an  estrogen. 

Ocular  transplants  of  the  seminal  vesicle  may  be  made  into  the  eyes  of 
female  animals  and  it  is  possible  by  this  method  to  study,  not  only  the  re¬ 
action  of  tissues  to  hormones  in  the  same  sex,  but  also  in  the  opposite  sex. 
The  present  report  is  concerned  with  the  transplantation  of  seminal  vesicles 
to  the  eye  of  female  rabbits  and  the  reaction  of  the  transplants  to  hormones. 

METHODS 

Fourteen  female  Chinchilla  rabbits,  which  weighed  about  2000  gm.  were 
used.  No  positive  data  concerning  preceding  pregnancies  were  available,  but 
the  animal  breeder  stated  that  the  animals  had  never  been  pregnant.  The 
does  were  kept  segregated  from  all  other  rabbits,  as  well  as  from  each  other, 
under  standard  experimental  conditions  until  they  were  sacrificed  at  the 
termination  of  the  experiment.  No  attempt  was  made  to  determine  the  exact 
phase  of  sexual  activity,  i.e.,  estrus  or  anestrus. 

In  11  animals  there  were  bilateral  homioplants  of  the  seminal  vesicle, 
and  in  3  animals  there  was  a  homioplant  of  the  vesicle  in  the  right  eye  and 
an  autoplant  of  endometrium  in  the  left  eye.  A  description  of  the  technic 
of  making  ocular  transplants  of  vesicular  tissue  and  of  recording  size  varia¬ 
tions  has  been  given  (3).  For  transplantation  of  endometrial  tissue  a  seg¬ 
ment  from  the  midpart  of  one  of  the  uterine  horns  was  removed  through  a 
midline  abdominal  incision  and  placed  in  warm  saline  solution  while  the 
incision  was  closed.  A  small  bit  of  tissue  not  over  3  mm.  in  diameter,  to 
include  the  mucosa  and  one  half  the  thickness  of  the  muscularis,  was  placed 
in  the  anterior  chamber  of  the  left  eye.  After  about  2  weeks,  both  the  vesicu¬ 
lar  and  endometrial  transplants  were  well  vascularized  and  ready  for  study. 
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The  androgen  used  was  testosterone  propionate  and  the  estrogen  was 
estradiol  benzoated  The  gonadotropic  substance  was  that  marketed  as  an- 
tuitrin-S  and  the  corpus  luteal  hormone  was  the  trade  product  proluton. 
Animals  which  showed  minimal  spontaneous  variations  in  the  size  of  the 
ocular  transplants  for  a  period  of  at  least  10  days  were  used  for  the  study. 
The  series  of  injections  were  spaced  at  least  21  days  apart  in  order  to  allow 


Fig.  I.  The  histological  appearance  of  an  ocular  transplant  of  the  seminal  vesicle  in  a  female  rabbit.  x300. 
Fig.  2.  The  histological  appearance  of  an  ocular  transplant  of  the  seminal  vesicle  in  a  female  rabbit 
after  3  daily  injections  of  2.5  mg.  each  of  testosterone  propionate.  The  muscle  fibers  are  larger  and  the 
sinusoids  are  more  conspicuous.  x500. 


ample  time  for  the  animals  to  recover  from  ovulation  and  pseudopregnancy 
which  presumably  follows  injections  of  the  gonadotropic  substance. 


FXPFRIMENTAL  OBSERVATIONS 

Normal  variations.  In  an  effort  to  determine  if  there  were  any  variations 
in  the  size  of  the  transplants,  pictures  were  taken  daily  for  3  months  on 
one  animal  and  for  at  least  2  weeks  on  all  other  animals.  Percentage  devia¬ 
tions  from  the  mean  two-dimensional  size  of  as  high  as  16  per  cent  were 
observed  ( fig.  3 ) .  The  deviation  exceeded  the  calculated  error  of  the  method, 
that  has  been  shown  to  be  4  per  cent  (4) . 

In  addition  to  these  smaller  daily  variations,  conspicuous  changes  in  the 
size  of  the  transplants  were  noted  in  a  few  animals.  These  changes  were 
characterized  by  a  great  increase  in  the  size  of  the  transplants  that  on  two 


*  We  are  indebted  to  the  Schcring  Corporation  for  a  generous  supply  of  these  hormones. 
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different  occasions  showed  a  deviation  from  the  mean  two-dimensional  size 
of  as  high  as  184  and  224  per  cent  respectively.  Direct  observations  of  the 
transplants  indicated  that  the  first  change  to  occur  was  an  increase  in  the 
number  of  visible  blood  vessels.  This  was  followed  by  dilatation  and  in  a 


Normal  variation  in  the  size  ot  an  ocular  transplant  of  the  seminal  vesicle  in  a  female 
rabbit  during  a  period  of  2V2  months. 


few  days  by  small  perivascular  hemorrhages.  The  hemorrhages  increased  in 
number  and  extent  until  the  entire  transplant  became  red.  In  a  few  weeks 
the  red  color  faded,  the  transplant  decreased  in  size,  and  the  end  result  was 
a  small  white  nodule  that  failed  to  respond  to  any  hormone. 

Effect  of  castration.  The  ovaries  were  removed  in  5  animals,  and  within 
24  hours  a  decrease  in  the  size  of  the  transplant  was  noted.  The  decrease 
progressed  with  diminishing  velocity  until  a  basal  level  was  reached.  The 
average  size  several  weeks  after  castration  approximated  50  per  cent  of  the 
precastration  size. 

Gonadotropic  substance  of  pregnancy  urine  in  intact  animals.  In  7  rabbits, 
the  vesicular  transplants  showed  either  no  response  or  only  a  slight  response 
to  3  daily  injections  of  100  R.u.  each  of  the  gonadotropic  substances  of  preg- 
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nancy  urine  (fig.  4).  When  an  increase  in  size  did  occur,  it  was  apparent 
48  hours  after  the  first  injection,  reached  a  maximum  24  hours  after  the 
last  injection,  and  returned  to  the  pre-injection  level  11  to  13  days  after  the 
last  injection.  The  endometrial  transplants  showed  a  slight  to  moderate  in- 


Fig.  4.  The  response  of  an  ocular  transplant  of  seminal  vesicle  (R) 
and  of  endometrium  (L)  in  a  female  rabbit  to  daily  injections  of  100 
R.u.  each  of  gonadotropic  substance  of  pregnancy  urine.  There  is  no  in¬ 
crease  in  size  of  the  vesicular  plant. 

crease  in  size.  The  increase  was  rapid,  but  during  the  decrease  there  were 
variations  which  probably  represented  superimposed  normal  fluctuations.  It 
is  probable  that  the  pseudopregnancy  which  was  induced  by  the  injection 
played  a  part  in  the  effect  on  the  endometrium. 

Gonadotropic  substance  of  pregnancy  urine  in  a  castrated  animal.  In  one 
castrated  animal,  3  daily  injections  of  the  gonadotropic  substance  of  preg- 
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the  corpus  luteal  hormone  in  doses  up  to  3  i.u.  failed  to  produce  any  change 
in  the  size  of  the  transplants  in  2  intact  and  1  castrated  animal.  In  1  intact 
animal  there  was  a  moderate  increase  in  size,  which  appeared  24  hours  after 
the  first  injection,  reached  a  maximum  24  hours  after  the  last  injection,  and 
returned  to  the  pre-injection  level  in  about  10  days. 

Bilateral  transplants.  There  were  3  animals  with  a  viable  transplant  of 
endometrial  tissue  in  the  left  eye  and  of  vesicular  tissue  in  the  right  eye. 
In  these  animals  the  response  of  the  endometrial  and  vesicular  tissue  to  the 
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Fig.  6.  The  response  of  an  ocular  transplant  of  seminal  vesicle  (R)  and  of 
endometrium  (L)  in  a  female  rabbit  to  3  daily  injections  of  2000  l.u.  each  of 
estradiol  benzoate. 


administration  of  an  androgen  (fig.  5)  and  an  estrogen  (fig.  6)  and  to 
castration  was  identical.  With  the  gonadotropic  substance  of  pregnancy  urine 
there  was  an  increase  in  the  size  of  the  endometrial  transplant  but  not  of  the 
vesicular  transplant  (fig.  4). 

Histological  changes  in  the  transplant.  At  the  termination  of  the  experi¬ 
ments  5  animals  were  sacrificed  from  2  to  10  days  after  3  daily  injections  of 
2000  I.u.  each  of  estradiol  benzoate,  and  2  animals  2  and  3  days  after  3 
daily  injections  of  2.5  mg.  each  of  testosterone  propionate.  As  a  control,  7 
animals  were  sacrificed  at  least  1  month  after  the  injection  of  a  hormone. 
The  detailed  histology  of  ocular  transplants  of  the  prostate  and  seminal 
vesicle  will  be  discussed  in  a  separate  paper  (5).  As  shown  in  figure  1,  the 
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normal  transplant  is  composed  of  about  90  per  cent  of  smooth  muscle  and 
connective  tissue  and  10  per  cent  of  epithelium.  The  smooth  muscle  is 
arranged  irregularly,  but  there  is  a  tendency  to  whorl  formation.  The  indi¬ 
vidual  fibers  are  small  and  compact  and  have  an  elongated  oval,  moderately 
chromatic  nucleus.  The  epithelial  acini  are  lined  by  one  or  two  layers  of 
cells.  The  luminal  cells  are  tall  columnar  with  elongated  pseudostratified 
nuclei  and  the  basal  cells  are  cuboidal  with  round  nuclei.  Sinusoidal  spaces 
are  moderately  conspicuous,  and  lymph  vessels  may  be  filled  with  lympho¬ 
cytes.  Following  the  injection  of  either  an  androgen  (fig.  2)  or  estrogen  in 
the  doses  given  above,  there  are  conspicuous  changes.  The  muscle  fibers  are 
significantly  enlarged  and  the  myofibrillae  are  prominent.  There  are  occasional 
mitotic  figures  in  the  muscle  cells,  especially  about  the  sinusoids.  The  fibro¬ 
blasts  are  also  larger  and  have  a  larger  oval  pale  nucleus  with  a  rare  mitotic 
figure.  The  sinusoids  are  prominent.  The  epithelial  cells  are  not  changed  in 
size  or  structure  but  there  is  a  moderate  number  of  mitoses  in  them.  There 
is  moderate  edema  of  the  stroma. 

DISCUSSION 

In  the  previous  report  on  male  rabbits  (3),  normal  daily  variations  in 
the  size  of  the  transplants  were  observed  when  the  animals  were  not  under 
the  influence  of  parenterally  administered  hormones.  Since  in  most  animals, 
no  or  only  a  very  slight  variation  in  size  was  noted  after  castration,  it  was 
concluded  that  the  variation  was  due  to  the  influence  of  the  male  sex  hormone. 
It  is  therefore  logical  to  assume  that  the  spontaneous  variations  observed  in 
the  female  rabbits  were  under  the  control  of  the  female  sex  hormones  be¬ 
cause  they  are  less  conspicuous  after  removal  of  the  ovaries. 

The  spontaneous  changes  in  the  size  of  the  ocular  transplants  of  some 
of  the  does  were  much  more  marked  than  in  the  male  animals  and  may 
perhaps  be  linked  with  the  estrus-anestrus  variations  of  sexual  activity.  There 
is,  however,  no  positive  data  relevant  to  the  sexual  cycle  in  these  animals. 
Although  only  those  animals  which  showed  a  minimal  degree  of  spontane¬ 
ous  variation  were  used,  it  is  possible  that  the  lack  of  constancy  in  the  results 
after  the  injection  of  hormones  in  non-castrated  females  may  be  due  to  super¬ 
imposed  normal  variations. 

The  results  following  the  administration  of  the  gonadotropic  substance 
of  pregnancy  urine  on  the  vesicular  plants  were  not  as  marked  nor  as  con¬ 
stant  as  those  in  male  rabbits.  However,  the  response  of  the  endometrial  plants 
(fig.  2)  was  conspicuous.  This  may  be  an  expression  of  the  greater  sensi¬ 
tivity  of  the  endometrium  to  hormonal  changes  which  occur  during  ovula¬ 
tion  and  pseoudopregnancy  induced  by  injection  of  gonadotropic  substance. 

Of  interest  is  the  fact  that  atrophy  of  the  vesicular  transplants  occurred 
following  removal  of  the  ovaries  and  that  the  castration  atrophy  could  be  ar¬ 
rested  as  effectively  by  the  administration  of  the  male  as  of  the  female  sex 
hormone.  The  susceptibility  of  vesicular  transplants  to  the  female  sex  hor¬ 
mone  must  be  explained  on  some  basis  other  than  a  common  embryological 
origin  of  the  uterus  and  seminal  vesicles,  since  the  work  of  Pallin  (6)  indi- 
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cates  that  the  Mullerian  ducts  undergo  complete  regression  in  the  develop¬ 
ment  of  the  male  rabbit.  Parkes  and  Zuckerman  (7)  have  concluded  that 
estrin  may  exert  an  effect  in  both  sexes  on  structures  derived  from  meso¬ 
dermal  tissue  of  the  genital  cord,  regardless  of  Mullerian  or  Wolffian  duct 
origin. 

SUMMARY 

Vesicular  transplants  in  the  anterior  chamber  of  the  eye  of  female  rabbits 
show  the  normal  daily  variations  in  size  observed  in  similar  transplants  in 
male  rabbits.  The  response  of  ocular  transplants  of  the  seminal  vesicle  in 
both  male  and  female  rabbits  to  injections  of  androgens  and  estrogens  demon¬ 
strates  that  vesicular  tissue  is  sensitive  to  both  sex  hormones,  and  is  there¬ 
fore  a  true  ambisexual  tissue. 

The  increase  in  size  of  the  transplants  after  injections  of  either  androgen 
or  estrogen  is  caused  by  hypertrophy  and  hyperplasia  of  smooth  muscle,  hyper¬ 
plasia  of  epithelium,  congestion  of  the  blood  vessels,  and  edema  of  the 
stroma. 
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From  the  Department  of  Obstetrics  and  Gynecology,  the  Sloane  Hospital  for 
Women,  the  College  of  Physicians  and  Surgeons,  Columbia  University 
NEW  YORK  CITY 

The  experimental  inhibition  of  lactation  in  the  rodent  has  been  accom¬ 
plished  by  the  injection  of  hormones.  The  inhibitory  effect  of  crystalline  estrone 
on  lactation  in  mice  has  been  demonstrated  by  de  Jongh  (1)  and  Robson 
( 2 ) .  Anterior  pituitary-like  hormone  has  been  shown  to  inhibit  milk  secretion 
in  normal  lactating  mice  by  Enzmann  and  Pincus  (3)  and  in  normal  and 
ovariectomized  lactating  mice  by  de  Jongh  (4).  Selye,  Collip  and  Thompson 
( 5 )  administered  APL  and  pig  pituitary  extract  on  the  3rd  or  4th  day  after 
initiation  of  milk  secretion  in  rats,  and  observed  an  immediate  inhibitory 
effect  on  lactation,  which  they  suggest  is  exerted  through  the  hypophysis 
rather  than  directly  on  the  mammary  glands.  The  effect  of  APL  was  also  con¬ 
firmed  by  Connon  (6).  Robson  (7)  demonstrated  that  crystalline  prepara¬ 
tions  of  testosterone  and  testosterone  propionate  inhibited  lactation  in  mice 
whereas  androsterone  did  not.  Suckling  and  maternal  care  were  not  diminished. 
Folley  and  Kon  (8)  inhibited  lactation  in  rats  by  means  of  testosterone 
propionate.  Androsterone  and  progesterone  were  found  to  be  inactive.  Also, 
a  recent  paper  by  Anselmino  and  Hoffmann  (9)  indicates  that  purified  progest¬ 
erone  does  not  exert  an  inhibitory  action  on  milk  secretion.  The  following 
report  deals  with  the  inhibition  of  lactation  in  humans  during  the  puerperium 
by  means  of  testosterone  propionate.^ 

The  inhibition  of  lactation  in  the  human  during  the  puerperium  is  almost 
always  a  painful  process.  Only  an  occasional  patient  goes  through  this  ’drying- 
up’  process  without  any  discomfort.  The  largest  number  complain  of  soreness, 
heaviness,  lumpiness  and  pain  in  the  breasts.  This  often  necessitates  the  con¬ 
tinuous  use  of  sedatives.  A  rise  in  temperature,  malaise  and  general  discomfort 
are  not  uncommon.  These  symptoms  last  from  3  to  7  days.  The  usual  treat¬ 
ment  instituted  to  dry  up  the  breasts  is  as  follows,  a).  Limitation  of  fluids 
( 500  cc.  or  less  in  24  hours) ;  b) ,  Tight  breast  binder;  c ) ,  Continuous  ice  caps 
to  the  breasts;  d).  Saline  cathartics;  e).  Sedatives. 

The  limited  effectiveness  and  discomfort  of  these  measures  can  be  attested 
to  by  both  patient  and  physician.  In  addition,  the  usual  therapy  adds  consid- 
able  work  to  the  nursing  staff,  especially  when  the  patient  is  bedridden, 

*  We  are  indebted  to  Drs.  Erwin  Schwenk  and  Gregory  Stragnell  of  the  Schering  Corporation,  and  to 
Mr.  Robert  Mautner  of  the  Ciba  Pharmaceutical  Company,  for  their  generous  supply  of  testosterone  pro¬ 
pionate. 
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METHODS  AND  RESULTS 

Twenty-one  successive  patients  were  chosen  for  this  test.  They  included 
both  private  and  ward  cases.  In  each  it  was  decided  to  terminate  lactation  for 
one  reason  or  another.  Each  patient  was  injected  with  testosterone  propionate. 
The  total  dose  ranged  from  50  to  150  mg.  Two  doses  were  given  per  day 
for  one  or  more  days,  and  all  injections  were  made  deep  in  the  gluteal  region. 

Table  1 


Case 

No. 

Puer¬ 
perium* 
Day  of 
first  dose 

No.  of 
doses 

Parity 

Delivery 

Character 
of  Puer¬ 
perium 

Results 

1 

4 

10X10  mg. 

Cardiac 

mult. 

Low  forceps 

Normal 

All  symptoms  relieved 
after  4th  dose. 

2 

3 

3X25  mg. 

Prim. 

Spent,  ab.  Ayi 
months 

Normal 

Relieved  of  all  symptoms 
after  2nd  dose. 

3 

10 

6X25  mg. 

Mult. 

Spent. 

Normal 

Lactation  good.  All  symp¬ 
toms  relieved  after  3rd 
dose. 

4 

3 

2X25  mg. 

Prim. 

Spent,  ab. 
months 

Normal 

No  symptoms  after  2nd 
dose. 

5 

3 

2X25  mg. 

Prim. 

Ix)w  forceps 

Normal 

Complete  relief  on  4  th  day. 

6 

8 

4X25  mg. 

Prim. 

Sp)ont. 

Normal 

Almost  complete  relief  on 

2nd  day. 

7 

6 

5X10  mg. 

Mult. 

Spent. 

Normal 

Complete  relief  after  4th 
dose. 

8 

3 

8X10  mg. 

Mult. 

Caesarian  Section 

Normal 

Complete  relief  after  2 
days. 

9 

10 

5X10  mg. 

Prim. 

Low  forceps 

Normal 

No  pain  after  3rd  dose. 

10 

11 

2X25  mg. 

Mult. 

Normal 

Normal 

No  pain  after  2nd  dose. 

11 

4 

2X25  mg. 

Prim. 

Low  forceps 

Normal 

Complete  relief  after  2nd 
dose. 

12 

3 

2X25  mg. 

Mult. 

Spxjnt. 

Normal 

Complete  relief  after  2nd 
dose. 

13 

3 

5X10  mg. 

Mult. 

Spent. 

Normal 

Slight  pain  after  3rd  dose. 

None  later. 

14 

3 

6X10  mg. 

Mult. 

Low  forceps 

Normal 

Relieved  of  symptoms 
after  4th  dose. 

15 

5 

5X10  mg. 

Prim. 

Caesarian  Section 

Normal 

Relieved  after  4th  dose. 

16 

4 

7X10  mg. 

Mult. 

Low  forceps 

Normal 

Relieved  after  5th  dose. 

17 

2 

5X10  mg. 

Mult. 

Spent. 

Normal 

Relieved  after  3rd  dose. 

18 

9 

4X25  mg. 

Prim. 

Low  forceps 

Normal 

Symptom-free  after  4th 
dose. 

19 

1 

3X25  mg. 

Prim. 

Low  forceps 

Normal 

Not  relieved. 

20 

9 

3X25  mg. 

Mult. 

Spent. 

Normal 

All  symptoms  relieved 
after  3rd  dose. 

21 

3 

4X25  mg. 

Mult. 

Spent. 

Normal 

All  symptoms  relieved 
after  3rd  dose. 

‘  The  day  ajier  delivery  is  the  first  day  of  the  puerperium. 


No  Other  additional  therapy  was  instituted.  The  effectiveness  of  the  therapy 
was  judged  by  the  reaction  of  the  patients,  the  amount  of  nursing  care,  and 
the  close  observation  of  the  resident  staff.  The  results  are  summarized  in 
table  1. 

Of  the  21  cases  injected  with  the  testosterone  propionate  only  2  may 
be  considered  as  being  unsuccessful.  Case  5  was  completely  relieved  of 
symptoms  on  the  4th  day.  It  could  be  argued  that  if  no  treatment  were  in¬ 
stituted  spontaneous  relief  might  have  occurred  on  the  4th  day.  On  the 
contrary,  an  additional  dose,  beyond  the  50  mg.  given,  might  have  terminated 


478 


RAPHAEL  KURZROK  AND  CLINTON  PAUL  O’CONNELL  Volume  23 


the  symptoms  sooner.  Case  19  was  injected  with  a  total  of  75  mg.  of  test¬ 
osterone  propionate  divided  into  3  doses  of  25  mg.  The  first  injection  was 
given  on  the  1st  day  postpartum.  The  symptoms  of  pain,  fullness,  engorge¬ 
ment  were  not  relieved.  This  case  represented  the  only  one  in  which  in¬ 
jections  were  started  during  the  first  day  postpartum.  In  view  of  the  fact 
that  milk  usually  'comes  in’  on  the  4th  day  postpartum  the  inhibitory  effect 
of  testosterone  propionate  might  have  been  exerted  a  little  too  early. 

The  remaining  19  cases  gave  excellent  results.  It  was  not  unusual  to  find 
that,  where  doses  of  25  mg.  were  given,  complete  relief  of  all  symptoms  was 
obtained  within  a  few  hours  after  the  second  dose.  This  is  very  striking  when 
one  considers  the  fact  that  the  second  dose  usually  followed  the  first  by 
about  8  hours.  In  general,  40  mg.  or  more  of  testosterone  propionate  were 
required  to  relieve  all  symptoms  of  breast  engorgement.  Complete  relief  of 
symptoms  usually  occurs  w'ithin  48  hours.  Th  best  results  were  obtained  by 
doses  of  25  mg.  each.  Once  the  symptoms  were  relieved  there  was  no  tendency 
for  their  recurrence  after  the  injections  were  stopped. 

There  were  no  unpleasant  by-effects  from  the  treatment.  The  normal 
character  of  the  lochia  was  not  changed.  No  after-pains  were  produced.  The 
onset  of  the  first  menstrual  period  was  not  delayed. 

SUMMARY 

Twenty-one  cases  of  early  lactation  during  the  puerperium  were  treated 
with  testosterone  propionate,  for  the  purpose  of  inhibiting  lactation.  Usually 
the  inhibition  of  lactation  by  the  generally  used  therapeutic  measures,  and 
especially  in  their  absence,  is  associated  with  pain,  tenderness,  engorgement 
and  lumpiness  of  the  breasts.  Such  breast  symptoms  require  considerable 
nursing  care  and  are  very  distressing  to  the  patient.  Testosterone  propionate, 
in  doses  of  25  mg.  usually  relieves  such  symptoms  in  about  24  hours  without 
the  addition  of  any  other  therapeutic  measures.  The  hormone  is  injected  twice 
a  day,  intramuscularly  in  the  buttocks.  A  total  dose  of  100  mg.  may  be  given 
within  48  hours,  although  if  complete  relief  occurs  after  the  second  or  third 
dose  no  additional  doses  need  be  given.  The  puerperium  was  not  otherwise 
affected  by  the  hormone,  and  there  were  no  unpleasant  after-effects. 

The  authors  wish  to  express  their  appreciation  to  Professor  Benjamin  P.  Watson  for  his 
constructive  criticism  and  for  permission  to  carry  out  this  work. 

We  wish  to  acknowledge  our  indebtedness  to  Agnes  Dunn  for  her  skill  and  tact  in  the 
handling  of  these  patients. 
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INADEQUACIES  OF  ESTRADIOL  SUBSTITUTION  IN 
OVARIECTOMIZED  ALBINO  RATS^ 

HENRY  LAUSON,  CARL  G.  HELLER,  and  ELMER  L.  SEVRINGHAUS 
From  the  Department  of  Medicine,  University  of  Wisconsin  Medical  School 
MADISON,  WISCONSIN 

Estrogenic  substances  have  proved  valuable  in  alleviating  the  symptoms 
of  natural  and  operative  menopause  in  women,  as  judged  by  mental,  vaso¬ 
motor  and  subjective  improvement  (1).  The  mechanism  of  action  of  this 
substitution  therapy  remains  largely  a  matter  of  conjecture.  A  number  of 
workers  have  reported  a  decrease  in  the  urinary  output  of  gonadotropic  hor¬ 
mone  following  estrin  administration  in  menopausal  women  (2,  3,  4,  5). 
That  ovariectomy  in  the  rat  leads  to  great  increase  in  gonadotropic  content 
of  the  hypophysis  is  a  well-established  fact.  It  is  also  known  that  the  thymus 
gland  undergoes  hypertrophy  following  castration  (8).  The  work  of  Meyer, 
Leonard,  Hisaw  and  Martin  (6)  and  others  indicates  that  estrin  decreases 
the  gonad-stimulating  capacity  of  the  castrate  pituitary,  but  the  literature 
(8)  is  in  uniform  agreement  that  this  estrin  treatment  causes  pituitary  hyper¬ 
trophy.  We  undertook  to  study  the  effects  of  daily  injections  of  three  levels 
of  estradiol  upon  the  pituitary  and  thymus  weights  and  upon  gonadotropic 
potency  of  the  hypophysis  of  castrated  female  rats.  Special  emphasis  was 
placed  on  studying  the  capacity  of  the  estradiol  to  restore  the  castrated  ani¬ 
mals  to  normal  in  these  respects. 

One  hundred  and  fifty-three  mature  female  virgin  rats  of  the  Sprague- 
Dawley  strain,  ranging  from  186  to  269  gm.  in  weight,  and  from  5  to 
7  months  in  age  were  employed.  Estradiol*  was  injected  daily  for  19  days 
in  0.05  cc.  of  sesame  oil,  beginning  24  hours  after  castration.  The  rats  were 
sacrificed  by  rapid  decapitation  on  the  day  following  the  last  injection.  Three 
dose  levels  were  used:  0.25,  0.5,  and  5.0  micrograms  per  day.  This  repre¬ 
sented  approximately  3.1,  6.2,  and  62  R.u.  per  day,  respectively.  Sixteen  to 
18  rats  were  used  in  each  of  these  groups.  Two  groups  of  10  and  57  un¬ 
treated  20-day  castrates  served  as  controls,  and  36  untreated  normal  controls 
were  also  sacrificed.  At  autopsy  the  hypophyses  of  each  group  were  pooled, 
macerated,  and  suspended  in  water  as  previously  described  ( 7 ) .  These  donor 
glands  were  assayed  on  21 -day-old  female  rats  weighing  34  to  39  gm.  Graded 
dilutions  were  prepared  so  that  each  test  rat  received  a  specified  total  amount 
of  whole  pituitary  in  9  injections  of  0.5  cc.  each,  given  twice  daily  for  4^ 
days.  Autopsies  were  performed  108  hours  after  the  first  injection,  and  vaginal 
opening,  uterine  enlargement,  and  ovarian  weights  were  recorded. 

*  This  research  was  supported  in  part  by  a  Special  Grant  from  the  Wisconsin  Alumni  Research 
Foundation  and  by  a  Research  Fellowship  provided  by  the  Schering  Corporation. 

*  The  estradiol  in  crystalline  form  was  generously  furnished  through  the  courtesy  of  Dr.  G.  Stragnell 
of  the  Schering  Corporation. 
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Table  1  shows  the  number  of  recipient  rats  used  on  each  dose  of  pituitary 
suspension.  The  total  number  of  positive  uterine  responses,  that  is,  the  num¬ 
ber  of  uteri  enlarged  over  infantile  size,  and  the  number  of  positive  ovarian 
responses  (increase  in  weight  above  the  heaviest  normal  of  17.7  mg.)  are 
given  for  all  doses. 

The  degree  of  uterine  enlargement  was  graded  according  to  the  scheme 
previously  described  (7).  For  purposes  of  this  paper,  these  grades  were 
given  the  following  numerical  values. 


Infantile  .  0 

Greater  than  infantile,  less  than  1-plus  . 

One-plus  .  1 

Two-plus  .  2 

Three-plus  .  3 


The  average  degrees  of  enlargement  for  all  doses,  obtained  by  taking  the 
simple  mean  of  the  responses  of  the  rats  on  each  dose,  are  presented  in 
table  2.  It  is  seen  that  the  amount  of  enlargement  was  proportional  to  the 

Table  2.  Average  uterine  enlargement  following  pituitary  injections 


Total  Dose  of  Pituitary  in  milligrams 


uroup 

0 

0.5 

0.75 

1 

2 

3 

4 

6 

8 

12 

16 

20 

40 

60 

Normal  Qintrol 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

0.4 

0.6 

_ 

0.5 

1.0 

Castrate  Control-/^ 

0 

0 

— 

0.9 

2.2 

2.5 

2.7 

1.8 

1.0 

1.4 

2.0 

— 

— 

— 

Castrate  Control-B 

0 

0 

0.3 

0.6 

1.7 

1.5 

1.1 

1.1 

1.0 

— 

— 

— 

— 

— 

0.257  estradiol 

0 

— 

— 

0.4 

1.3 

2.5 

1.6 

2.0 

1.3 

1.3 

1.3 

1.0 

— 

— 

O.St  estradiol 

0 

— 

— 

0.5 

2.0 

1.7 

2.6 

1.3 

1.3 

1.5 

1.0 

— 

— 

— 

5.O7  estradiol 

0 

— 

— 

0 

0.5 

2.0 

1.8 

— 

2.2 

1.5 

1.5 

1.0 

— 

— 

dose  until  a  maximum  was  reached,  beyond  which  it  decreased.  This  is  in 
agreement  with  the  uterine  weight  responses  previously  reported  (7).  The 
mean  ovarian  weights  are  given  in  table  3. 

The  minimal  uterine  unit  of  gonadotropic  potency  was  defined  as  the 
smallest  amount  of  a  given  suspension  which  caused  definite  enlargement 
of  the  recipient  uteri.  Similarly,  the  minimal  ovarian  unit  was  defined  as 
the  smallest  amount  which  produced  ovarian  weight  exceeding  the  control 
maximum  weight  (17.7  mg.).  The  unit  doses,  in  mg.,  for  each  group  of 
pituitaries  is  given  in  table  4.  Mean  pituitary  and  thymus  weights  of  the 
donor  rats  are  also  shown  in  this  table.  More  detailed  information  concern¬ 
ing  these  weights  is  contained  in  a  previous  communication  ( 8 ) .  The  A  cas¬ 
trate  group  was  done  at  the  same  time  as  the  experimental  groups.  The  B 
castrates  were  run  a  few  months  later  and  are  included  because  they  more 
accurately  estimate  the  minimal  uterine  unit. 

Castration  increased  thymus  weight,  caused  no  change  in  pituitary  weight, 
and  increased  gonadotropic  potency  per  milligram  and  per  gland,  as  com¬ 
pared  with  the  normal  controls.  The  pituitaries  from  estradiol-treated  rats 
showed  slightly  less  gonadotropic  potency  per  milligram  than  the  castrates. 
The  highest  estradiol  dose  gave  the  greatest  suppression.  The  potency  per 
gland  (calculated  from  potency  per  milligram,  and  from  pituitary  weight) 


482 


H.  LAUSON,  C.  G.  HELLER  AND  E.  L.  SEVRINGHAUS  Volume  23 


on  the  highest  estradiol  dose  (5.0  y  per  day)  seems  to  be  somewhat  less  than 
that  of  the  castrate,  but  the  two  lower  doses  show  no  suppressing  effect  on 
the  calculated  potency  per  gland  because  of  the  accompanying  increase  in 
pituitary  weight,  which  compensates  for  the  slight  decrease  in  potency  per 
milligram.  The  striking  observation,  however,  is  that  a  20-fold  increase 
in  estradiol  dosage  caused  only  a  very  slight  shift  in  potency  toward  normal. 
In  fact,  the  potency  of  all  three  estrin-treated  groups  is  still  in  close  proximity 
to  the  castrate  level  and  far  removed  from  the  normal  level.  Therefore,  the 
physiological  dose  of  estrin  which  restores  the  castrate  potency  to  normal  was 
not  even  approached. 

Turning  to  thymus  weight  as  an  index  of  the  physiological  restorative 
dose,  it  is  found  that  the  two  lower  doses  of  estradiol  restored  the  weight 


Table  3.  Average  ovarian  weight 


Total  dose  of  Pituitary  in  milligrams 


Group 


Ql 

Qg 

m 

1 

2 

3 

4 

6 

8 

12 

16 

El 

El 

Normal  Control 

12 

1 

12.6 

_ 

[Rn 

9.5 

m 

9.5 

m 

roffl 

_ 

ffiKi 

22.7 

Castrate  Control-/^ 

12 

1 

10.6 

— 

iniK 

11.7 

11.6 

14.2 

21.7 

33.8 

51.8 

79.7 

— 

— 

— 

Castrate  Control-S 

12 

1 

11.7 

EES 

imE 

11.6 

11.1 

13.9 

15.8 

17.0 

— 

— 

— 

— 

— 

0 . 25  7  estradiol 

12 

1 

— 

— 

EES 

EES 

12.3 

12.4 

42.6 

58.4 

49.4 

— 

— 

0.5  7  estradiol 

12 

1 

— 

— 

11.8 

8.6 

12.3 

11.3 

11.1 

17.7 

17.4 

16.6 

— 

— 

5.0  7  estradiol 

12 

1 

— 

— 

8.4 

9.9 

12.1 

17.2 

28.4 

57.7 

— 

— 

It  is  interesting  to  note  that  approximately  one  gland  equivalent  of  the  suspensions  for  each  group, 
namely  12  mg.  for  castrate  A,  16  mg  for  0.2},  and  0.}  7  groups,  and  20  mg.  for  the  }.0  7  group  produced 
approximately  the  same  ovarian  weight  increase,  with  the  exception  of  the  0.5  7  group  in  which  the  ovary 
weight  remained  relatively  low.  Minimal  ovarian  unit  doses  are  in  italics. 


to  approximately  normal.  The  high  dose  decreased  thymus  weight  signifi¬ 
cantly  below  normal,  thus  overstepping  physiological  limits. 

Pituitary  weight  suggests  that  a  process  other  than  restoration  toward 
normal  is  taking  place,  for  here  even  the  lowest  dosage  caused  considerable 
hypertrophy  of  the  pituitary.  Since  20  days  of  castration  does  not  in  itself 
cause  any  change  in  pituitary  weight,  it  seems  strange  that  substitution  of 
small  amounts  of  estradiol  should  cause  hypertrophy  of  the  pituitary,  if  these 
amounts  are  really  replacing  the  normal  ovarian  function.  This  suggests  that 
all  doses  used  over-reached  physiological  limits,  as  judged  by  pituitary 
weight. 

The  foregoing  observations  seem  to  indicate  that  each  organ  responding 
to  castration  and  estradiol  therapy  does  so  at  a  different  physiological  level 
of  the  estrogen.  Thus,  while  gonadotropic  potency  remained  relatively  un¬ 
changed  even  at  high  dose  levels,  thymus  weights  were  restored  to  normal 
at  low  levels,  and  pituitary  hypertrophy  occured  at  all  levels.  The  work  of 
Leiby  (9)  and  Ellison  and  Burch  (10)  suggests  that  doses  of  estrogen  high 
enough  to  suppress  gonadotropic  potency,  as  judged  by  our  experiments, 
would  lead  to  hypertrophy  of  the  adrenal  glands  as  well  as  the  hypophysis. 
The  dose  which  prevents  castration  changes  in  the  histological  picture  of  the 
anterior  lobe  is  as  little  as  2  R.u,  per  day,  according  to  Nelson  (11).  At  50 
R.u.  daily  the  percentage  of  basophiles  was  suppressed  below  normal.  Wolfe 
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(12)  has  also  found  relatively  small  doses  (25  R.u.  per  day)  effective  in 
restoring  the  relative  cell  counts  to  normal.  Although  Meyer,  Leonard,  Hisaw 
and  Martin  (6)  found  that  small  doses  of  estrin  suppressed  the  gonado¬ 
tropic  potency  below  castrate  levels,  their  results  are  not  contradictory  to 
ours.  In  their  experiment  single  whole  glands  were  implanted  into  immature 
female  rats,  and  ovary-weight  was  taken  as  the  end-point.  It  was  found  that 
pituitaries  from  estrin-treated  castrates  produced  ovaries  weighing  from  about 
20  to  50  per  cent  less  than  the  castrate  controls.  Since  the  potency  of  20  or 
30-day  castrates  is  more  than  12  times  as  great  as  normals,  it  is  evident  that 
although  definite  suppression  was  obtained  with  estrin,  the  potency  of  the 
pituitary  was  still  far  greater  than  normal.  Other  differences  in  technics  may 


Table  4.  Summary  of  results.  (See  text  for  unit  definitions) 


Group 

No.  of 
donor 
rats 

Mean 

Thymus 

weight 

mg. 

Mean 

Pituitary 

weight 

mg. 

Minimal  Uterine 
unit  dose  of 
pituitary 
mg. 

Minimal  Ovarian 
unit  dose  of 
pituitary 
mg. 

Normal  Control 

36 

191 

13.4 

12.0 

40  to  60 

Castrate  Control-yf 

10 

305 

12.4 

1.0 

6.0 

Castrate  Control-jS 

57 

378 

13.4 

0.75 

6.0 

0.25  7  estradiol 

16 

205 

17.2 

1.0 

8.0 

0.5  7  estradiol 

16 

198 

17.4 

1.0 

8.0 

5.0  7  estradiol 

18 

140 

19.8 

2.0 

12.0 

possibly  account  for  discrepancies  between  their  results  and  those  reported  in 
this  paper. 

From  the  above  considerations,  it  becomes  evident  that  while  any  particu¬ 
lar  dose  of  an  estrogen  might  restore  any  particular  function  or  gland  in  the 
castrate  to  normal,  no  single  dose  seems  capable  of  restoring  them  all  to 
normal  at  one  time. 

It  seemed  probable  that  this  failure  of  estradiol  to  replace  ovarian  func¬ 
tion  in  the  castrate  might  be  due,  not  to  the  absence  of  other  ovarian  factors 
such  as  progesterone,  but  rather  to  the  mode  of  administration  of  the  estrin. 
If  the  estrogen  could  be  injected  in  such  a  way  as  to  duplicate  the  concen¬ 
trations  normally  existing  in  the  blood  stream,  the  pituitary  potency  as  well 
as  thymus  and  pituitary  weights  might  possibly  be  kept  at  normal  levels. 
Since  uterine  and  vaginal  changes  parallel  the  cyclic  follicular  development 
in  the  normal  female,  it  seemed  plausible  to  assume  that  estrogen  is  secreted 
in  cycles.  To  test  this  belief  small  groups  of  castrates  were  given  single  sub¬ 
cutaneous  injections  of  estradiol  in  oil  every  4th  day  for  a  20-day  period. 
The  doses  employed  were  1,  8,  25,  50  and  100  y-  All  of  these  doses  pro¬ 
duced  cyclic  vaginal  estrus.  Assay  of  the  pituitaries,  however,  by  the  uterine 
method  indicated  no  suppression  whatsoever  below  castrate  control  level. 
When  one  considers  that  100  y  of  estradiol  per  dose  represents  about  1200 
R.U.  this  failure  to  approach  normal  potency  becomes  striking.  Several  ex¬ 
planations  suggest  themselves:  a),  that  a  single  injection  of  estradiol  in  oil 
every  4th  day  fails  to  reproduce  normal  blood  concentrations,  and  that  a  dif¬ 
ferent  method  of  injection  is  required;  and/or  b),  that  some  additional  factor 
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or  factors  secreted  by  the  normal  ovary  are  needed  to  supplement  estrin  to 
give  adequate  replacement  of  ovarian  function  in  the  adult  castrate  rat. 

While  a  direct  correlation  with  clinical  experience  cannot  be  made,  the 
above  experiment  suggests  that  estrin  therapy  in  the  natural  and  artificial 
menopause  is  effective  not  in  its  capacity  as  a  complete  substitute  for  ovarian 
endocrine  function  but  by  way  of  some  other  action.  It  further  suggests  that 
those  clinical  doses  of  estrin  which  have  an  effect  on  pituitary  suppression 
may  considerably  exceed  physiological  limits  in  their  effects  on  other  organs. 

SUMMARY 

Injection  of  0.25,  0.5,  and  5.0  f  of  estradiol  daily  into  50  ovariectomized 
adult  female  rats  for  20  days  failed  to  suppress  the  gonadotropic  potency 
of  the  hypophysis  to  anywhere  near  the  normal  level,  as  judged  by  the  uterine 
and  ovarian  reactions  in  immature  female  test  rats.  A  total  of  153  donor 
rats  were  employed,  and  the  pituitaries  were  assayed  on  334  test  animals. 
All  doses  of  estradiol  caused  pituitary  hypertrophy,  while  the  usual  thymus 
hypertrophy  following  castration  was  prevented  by  the  two  lower  doses.  In 
the  high  dose  group,  the  thymus  actually  atrophied  below  normal  level. 
It  was  concluded  that  daily  injection  of  estrogen  into  castrate  female  rats 
fails  to  replace  completely  the  normal  ovarian  endocrine  function  because 
doses  too  small  to  keep  gonadotropic  potency  down  to  normal,  or  even  to 
approach  normal  levels,  already  overstep  physiological  limits  as  regards 
pituitary  and  thymus  weight. 

We  are  grateful  to  Dr.  R.  K.  Meyer  of  the  Department  of  Zoology  for  his  helpful  sug¬ 
gestions  and  criticisms. 
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SKELETAL  CHANGES  AND  BLOOD  SERUM  CALCIUM  LEVEL  IN 
PIGEONS  RECEIVING  ESTROGENS 

C.  A.  PFEIFFER  and  W.  U.  GARDNER 

From  the  Department  of  Anatomy,  Yale  University  School  of  Medicine^ 

NEW  HAVEN,  CONNECTICUT 

Fluctuations  in  serum  calcium  in  doves  and  chickens  have  been  associated 
with  egg  shell  formation  or  ovarian  activity  (1,  2).  In  doves  the  serum  cal¬ 
cium  rises  during  the  follicular  phase  of  the  ovarian  cycle  (3).  In  the  hen 
it  has  been  correlated  with  the  size  of  the  egg  (4).  However,  it  was  not  until 
1936  that  estrogens  were  demonstrated  to  cause  a  rise  in  blood  calcium  (5). 
Kyes  and  Potter  (6)  noted  that  many  female  pigeons  have  solid  bones,  while 
males  uniformly  have  marrow-filled  bones.  TTie  condition  of  the  bones  was 
correlated  with  the  size  of  the  ovarian  follicles.  When  the  follicles  were  2 
mm.  or  less  in  diameter,  the  femurs  contained  large  marrow  spaces.  Osseous 
tissue  partially  invaded  the  marrow  in  birds  in  which  the  follicles  were  more 
than  4.5  mm.  in  diameter,  and  bony  spicules  filled  the  marrow  cavities  when 
the  follicles  were  10.0  mm.  or  larger  in  diameter.  The  present  investigation 
was  undertaken  to  determine  whether  estrogens  are  associated  with  the  skeletal 
changes  mentioned  above,  and  to  correlate  such  changes  with  the  blood 
calcium  level. 

MATERIAL  AND  METHODS 

Adult  pigeons  of  uniform  strain,  age,  and  size  were  obtained  from  a 
commercial  dealer.  Experimental  and  control  birds  were  maintained  under 
exactly  the  same  conditions.  Their  diet  consisted  mainly  of  cracked  yellow 
corn.  The  estrogen  used  was  the  benzoic  acid  ester  of  estradiol  dissolved  in 
sesame  oil  (10,000  I.U.  per  cc.).*  One-tenth  cc.  was  injected  daily  into  the 
breast  muscles,  alternating  right  and  left  sides.  The  controls  received  an 
equal  amount  of  sesame  oil.  In  order  to  be  able  to  visualize  the  skeletal 
changes  more  clearly,  most  of  the  test  and  control  birds  were  given  sub¬ 
cutaneous  injections  of  0.1  cc.  of  a  saturated  solution  of  Alizarin  red  S® 
daily  for  varying  lengths  of  time.  Since  the  controls  as  well  as  the  test 
birds  received  the  dye,  any  possible  effect  of  the  alizarine  could  be  deter¬ 
mined.  The  estrogen-treated  and  oil-treated  birds  were  autopsied  at  the  same 
time.  Blood  was  collected  by  canulating  the  jugular  vein  without  anesthesia. 
Serum  calcium  was  determined  by  Tisdall’s  simplification  of  the  Kramer 
and  Tisdall  method  (7).  All  reagents  were  checked  before  each  group  of 
determinations. 

*  This  investigation  has  been  supported  by  grants  from  the  Committee  for  Research  in  Problems 
of  Sex  of  the  National  Research  Council  to  Professor  Edgar  Allen,  the  Anna  Fuller  Fund,  and  the  Re¬ 
search  Funds  of  Yale  University  School  of  Medicine. 

*  The  estrogen  (progynon-B)  was  generously  supplied  by  the  Schering  Corporation  through  the  courtesy 
of  Dr.  E.  Schwenk. 

’Alizarine  red  S  (alizarine  sodium  monosulfonate) — (Sodium  Sulphalizarate) .  The  Coleman  &  Bell  Co. 
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At  autopsy  the  gonads  were  measured  and  preserved  in  Bouin’s  fluid. 
The  femur,  tibia,  humerus,  radius,  ard  ulna  of  the  left  side  were  dissected 
out,  and  while  in  the  fresh  conditio. i  were  cut  through  the  mid-line  with  a 
small  circular  saw  attached  to  a  dental  chuck.  The  marrow  was  removed  by 


Table  1.  Serum  calcium  level  and  skeletal  and  gonadal  changes 

IN  PIGEONS  RECEIVING  ESTROGENS 


No. 

and 

Days 

Days 

Alizarine 

Total  i.u. 

Size  of  testes 
or  follicles 

Condition  of  Bones* 

Serum 

calcium 

treated 

estrogen 

Sex 

injections 

mm. 

Fern. 

Tib. 

Rad.  Ulna 

mg.  % 

m 

6 

1 

6,000 

L— 16X6 

R— 14X7.5 

0 

0 

14.56 

2M 

13 

11 

13,000 

L— 12X3.5 

R— 11X3.5 

1 

1 

13.12 

JM 

21 

8 

20,000 

L— 9X3.5 

R— 10X3 

2 

1 

16.80 

4M 

27 

13 

27,000 

L— 9X2.5 

R— 9X2.75 

3 

1 

15.68 

5M 

28 

7 

28,000 

L— 9X3 

R— 9.5X3 

2 

1 

17.60 

6M 

33 

12 

33,000 

L— 7X2.5 

R— 7X2.25 

4 

3 

1 

1 

15.84 

rM 

40 

13 

40,000 

L— 7. 5X3. 5 
R— 9. 5X3.0 

3 

2 

1 

1 

16.16 

48 

20 

48,000 

1  mm.  follicles 

4 

4 

2 

2 

21.65 

PM 

49 

0 

49,000 

L— 8. 5X2. 5 
R— 8.0X3. 0 

2 

1 

1 

0 

18.88 

lOM 

69 

0 

69,000 

L— 8.5X2 

R— 9X2.5 

3 

3 

1 

1 

19.04 

Sesame  oil 

Controls 

IIM 

6 

1 

6  cc. 

L— 25X11 

R— 21X11 

0 

0 

8.80 

12F 

13 

11 

1.3  cc. 

2  mm.  follicles 

0 

0 

8.16 

13M 

21 

8 

2.1  cc. 

L— 17X6.5 

R— 18X6 

0 

0 

8.00 

14M 

27 

13 

2.7  cc. 

L— 24X9 

R— 23X10 

0 

0 

8.08 

/5M 

28 

7 

2.8  cc. 

L— 21X6 

R— 21X8.5 

0 

0 

8.32 

/<5M 

33 

12 

3 . 3  cc. 

L— 27X9 

R— 23.5X11 

0 

0 

0 

0 

8.70 

/7F 

40 

13 

4.0  cc. 

10  mm.  follicle* 

4 

4 

1 

2 

10.72 

18M 

48 

20 

4.8  cc. 

L— 17.5X8 

R— 19X9.5 

0 

0 

0 

0 

8.32 

im 

49 

0 

4.9  cc. 

L— 27X11.5 
R— 22.5X11.5 

0 

0 

0 

0 

8.80 

*  Fern.,  femur;  Tib.,  tibia;  Rad.,  radius.  0,  the  amount  of  calcification  in  the  control;  1,  when  new 
bone  is  noticeable  grossly;  2,  spicules  of  bone  extending  into  the  marrow;  3,  extensive  formation  of 
osseous  trabeculae  into  the  marrow  cavity ;  and  4,  maximum  formation  of  cancellous  bone. 

*  This  animal  had  also  laid  an  egg  3  days  before  autopsy. 


soaking  in  2.0  per  cent  KOH  for  24  hours.  Then  the  bones  were  washed  and 
bleached  in  hydrogen  peroxide.  The  corresponding  bones  on  the  right  side 
were  preserved  in  formalin,  decalcified,  sectioned  at  10  (i,  and  stained  with 
Dominici’s  combination  (Eosin-Orange  G  and  Toluidine  Blue). 

RESULTS 

The  pigeons  were  divided  into  two  groups,  one  consisting  of  9  males 
and  1  female,  and  the  other  of  7  males  and  2  females.  The  first  group  re- 
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Fig.  1.  Femur  of  control  male  No.  16.  x4. 

Fig.  2.  Femur  of  male  No.  6  after  33  daily  injections  of  1,000  i.u.  of  estrogen.  x4. 
Note  especially  the  extent  of  new  spongy  bone. 

Fig.  3.  Femur  and  tibia  of  normal  female  No.  17  which  had  laid  an  egg  3  days 
before  autopsy  and  had  several  large  follicles  in  the  ovary,  the  largest  of  which  measured 
10  mm.  xl.l. 

Fig.  4.  Femur  and  tibia  of  female  pigeon  No.  8  which  had  received  48  daily  injec¬ 
tions  of  1,000  i.i'.  of  estrogen,  xl.l. 

Fig.  5,  7,  and  9.  Ulna,  radius,  and  tibia,  respectively,  of  a  typical  control  male 
pigeon.  No.  16.  xl.l. 

Fig.  6  and  8.  Ulna  and  radius  of  female  pigeon  No.  8.  (Same  as  fig.  4).  xl.l. 

Fig.  10.  Tibia  of  male  No.  6  after  receiving  33  daily  injections  of  1,000  i.ii.  of  estro¬ 
gen.  xl.l.  Spongy  bone  has  partially  filled  the  marrow  cavity. 


\ 


Fig.  II  and  12.  (!ross  scctiims  ol  the  diaphyses  of  the  temur  and  tibia,  respectively,  of  normal  male 
pigeon  No.  i(>.  xl^. 

Fig.  13.  Cross  section  of  the  compact  bt)ne  of  the  diaphysis  of  the  femur  near  the  epiphysis  in  male 
No.  ft  after  33  daily  iniictions  ot  l.(‘tK)  i.i  .  ot  estrt)»*en.  x.  0.  Note  the  darker  lining  of  new  Imne  ori  the 
end«>steal  border  (to  the  left)  with  interlaced  spicules  extending  into  the  marrow.  On  the  right  of  the 
ctimpact  bone  is  a  thin  periosteal  layer  of  new  bone  with  spicules  extending  into  the  surrounding 
t.»)nnective  tissue. 

Fig.  l-l.  (iross  section  <»f  the  tibia  of  male  pigeon  No.  after  receiving  33  daily  injections  of  l.OCM) 
i.r.  ot  estrogen,  xod.  Note  the  endosteal  bone  formation  with  spicules  forming  a  meshwork  extending 
almost  through  the  marrow  leaving  only  a  small  central  core. 


of  the  second  week,  after  which  it  gradually  increased  until  a  maximum  was 
reached  at  about  5  weeks.  However,  this  condition  did  not  exceed  that  oc¬ 
curring  in  the  normal  female  just  after  ovulation  (compare  fig.  2  and  3). 
The  number  of  females  was  insufficient  to  determine  whether  estrogen  was 
more  effective  in  this  sex  than  in  the  males.  At  least  the  condition  in  the 
males  did  not  exceed  that  attained  by  the  single  female  in  the  injected  group 
(fig.  4),  or  the  normal  female  after  ovulation  and  egg  laying.  It  may  be 
seen  from  the  table  that  there  was  a  gradient  of  hypercalcification  or  new 
medullary  bone  formation  beginning  with  the  femur  (fig.  1  and  2),  extend¬ 
ing  to  the  upper  end  of  the  tibia,  then  to  the  entire  tibia  (fig.  9  and  10), 
and  finally  to  the  radius  (fig.  7  and  8)  and  the  ulna  (fig.  5  and  6).  The 
bones  without  red  or  yellow  marrow  were  not  affected. 
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Histological  preparations  showed  that  the  new  endosteal  medullary  bone 
was  first  laid  down  as  a  thickening  of  the  endosteal  border.  This  was  fol¬ 
lowed  by  the  formation  of  many  fine  spicules  which  extended  into  the  mar¬ 
row  cavity.  These  spicules,  which  were  covered  with  closely  packed  osteo¬ 
blasts,  then  became  more  extensive  and  interlaced  to  form  a  network  of 
cancellous  bone  which  almost  completely  filled  the  marrow  cavity  (fig.  2 
and  14).  However,  an  appreciable  amount  of  marrow  remained  within  the 
bony  network  and  in  the  narrow  central  core  (fig.  14).  This  marrow  was 
white  and  fibrous  in  contrast  to  the  gelatinous  texture  of  the  normal  red 
marrow.  In  certain  areas  cancellous  periosteal  bone  was  also  deposited  (fig. 
13).  The  fact  that  in  the  experimental  birds  alizarine  was  found  in  some 
areas  of  the  compact  bone  which  did  not  stain  in  the  controls  indicates  a 
mobilization  of  calcium  from  pre-existing  compact  bone.  The  histological 
preparations  also  showed  some  localized  thinning  of  the  compact  bone,  but 
this  was  not  extensive  enough  to  account  for  all  of  the  new  medullary  bone. 

The  testes  of  the  males  treated  with  estrogen  were  decidedly  suppressed 
by  the  end  of  the  second  week,  and  by  the  end  of  the  third  week  approached 
their  minimal  size.  There  was  no  increase  in  the  size  of  the  pelvic  aperture 
in  the  estrogen  treated  males.  The  ovary  of  the  treated  female  was  also 
suppressed  but  contained  many  follicles  less  than  1  mm.  in  diameter.  The 
oviduct  was  maximally  stimulated,  indicating  an  adequate  dose  of  estrogen. 

The  testes  of  the  controls  were  of  normal  size.  The  ovary  of  one  of  the 
control  females  showed  many  follicles  under  2  mm.  in  diameter,  but  the 
oviduct  was  not  stimulated.  The  ovary  of  the  other  female  contained  several 
large  follicles,  the  largest  being  10  mm.  in  diameter,  and  the  oviduct  was 
maximally  stimulated.  This  bird  had  laid  an  egg  3  days  before  autopsy.  The 
shell  of  the  egg  was  not  stained  with  alizarine,  although  the  bird  had  re¬ 
ceived  daily  injections  of  this  dye  for  13  days.  As  would  be  expected  in  an 
ovulating  female,  the  blood  calcium  was  high  and  the  bone  changes  were 
extreme  (fig.  3),  undoubtedly  due  to  the  estrogen  produced  by  her  own 
ovary.  There  was  only  a  slight  quantitative  difference  in  the  serum  calcium 
and  skeletal  changes  between  this  female  and  the  birds  receiving  estrogen. 
That  both  the  blood  calcium  level  and  the  bone  changes  were  readily  re¬ 
versible  was  demonstrated  by  the  fact  that  there  was  a  correlation  between 
these  changes  and  the  size  of  the  follicles. 

DISCUSSION 

The  present  investigation  shows  that  in  pigeons  injection  of  estrogen 
is  followed  by  an  increase  in  serum  calcium  similar  to  that  which  occurs 
normally  about  the  time  of  ovulation  (3)  and  by  bone  changes  similar  to 
those  which  occur  when  large  follicles  are  present  in  the  ovary  (6).  The  only 
other  observations  on  bone  changes  in  Aves  were  reported  by  Zondek  (8) 
in  connection  with  estrogen-induced  dwarfism  in  fowls. 

The  chicken  is  the  only  bird  other  than  the  pigeon  in  which  serum  cal¬ 
cium  has  been  studied  extensively,  and  here  the  results  have  been  very  con¬ 
flicting.  Hughes,  Titus,  and  Smitz  (9)  reported  in  1927  that  the  blood 
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calcium  level  in  laying  hens  is  approximately  double  that  of  non-laying, 
moulting  hens.  Other  investigators  have  noted  fluctuations  in  the  calcium 
level  which  they  have  attempted  to  correlate  with  the  formation  of  the  egg 
shell.  However,  the  blood  calcium  is  not  always  lowered  at  the  time  large 
amounts  of  calcium  are  being  secreted  to  the  egg  shell.  This  has  led  to  two 
suggestions:  first,  that  the  growing  follicle  stimulates  the  parathyroids  in 
some  manner,  and  second,  that  the  mechanism  of  distension  of  the  oviducts 
reflexly  stimulates  the  parathyroids  (10),  which  in  turn  call  out  the  calcium 
stores  of  the  body.  These  suggestions  were  stimulated  by  the  observation  that 
the  histology  of  the  parathyroids  varies  with  the  calcium  level  and  that  both 
are  related  to  egg  (presumably  follicle  in  ovary)  size  (4).  Although  the 
injection  of  parathormone  raised  the  serum  calcium  from  2.0  to  6.5  mg.  per 
100  cc.  of  serum  in  pullets  (4),  it  had  no  effect  in  moulting  hens  (11)  or 
cockerels  (4). 

Marlow  and  Koch  (2)  were  unable  to  "associate  the  normal  rise  in  blood 
calcium  of  laying  hens  consistently  with  an  estrogenic  activity.”  This  may 
have  been  due  to  the  fact  that  their  normal  values  varied  from  6.1  to  26.7 
mg.  of  calcium  per  100  cc.  of  serum.  Where  these  great  fluctuations  occurred 
they  did  not  state  the  sex  or  gonad  conditions  of  their  birds.  Where  they 
did  designate  young  cockerels  and  young  pullets,  their  normal  values  were 
less  variable,  lying  between  6.1  and  11.5  mg.  Altman  and  Hutt  (12)  demon¬ 
strated  that  the  contents  of  the  follicle  are  responsible  for  the  rise  in  blood 
calcium  in  laying  hens.  They  checked  this  both  by  determining  the  serum 
calcium  of  the  hen  after  removal  of  the  follicles  and  by  injecting  the  con¬ 
tents  of  the  follicles  (yolk)  into  capons.  In  agreement  with  Zwarenstein 
( 1 )  they  concluded  that  estrogen  was  the  causative  agent  working  through 
the  pituitary  which  in  turn  stimulated  the  parathyroids.  However,  estrogen 
does  not  need  to  act  through  the  pituitary  in  pigeons  since  it  has  been  shown 
to  be  effective  in  hypophysectomized  castrated  pigeons  ( 5 ) . 

It  is  interesting  to  note  that  injected  male  hormone  does  not  affect  the 
serum  calcium  level  in  pigeons  (5),  nor  does  the  presence  of  the  testes  pre¬ 
vent,  for  any  appreciable  length  of  time,  the  increased  calcium  level  follow¬ 
ing  injection  of  estrogen.  On  the  other  hand,  there  is  evidence  that  the  testes 
must  be  suppressed  before  bone  changes  will  occur  (table  1).  This  might 
be  expected,  since  testosterone  propionate  inhibits  the  effects  of  estrogen 
upon  the  skeletons  of  mice  (13). 

The  fact  that  estrogens  influence  the  serum  calcium  level  in  birds  sug¬ 
gests  an  explanation  of  the  relationship  between  the  serum  calcium  level 
and  egg  shell  formation.  Since  serum  calcium  is  high  in  the  presence  of 
large  amounts  of  estrogen,  it  is  possible  that  a  greater  absorption  and  re¬ 
tention  of  calcium  occurs.  The  bones  serve  as  a  reservoir  from  which  calcium 
may  be  mobilized  if  needed  for  secretion  of  the  egg  shell.  This  hypothesis 
would  explain  the  variation  in  calcium  occurring  in  the  normal  ovarian  cycle 
as  due  both  to  the  duration  of  the  effect  of  estrogen  and  to  the  quantity  of 
calcium  being  removed  by  egg-shell  secretion.  The  fact  that  the  serum  cal¬ 
cium  begins  to  rise  123  hours  before  it  will  be  used  in  the  formation  of  the 
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egg  shell  (3)  and  that,  following  estrogen  injection,  the  calcium  begins 
to  rise  within  4  days  (5),  whereas  extensive  bone  changes  do  not  occur 
until  much  later  indicates  that  there  is  a  considerable  lag  in  calcium  deposi¬ 
tion.  Although  the  calcium  in  new  bone  is  stained  by  alizarine,  the  calcium 
of  the  egg  shell  of  the  pigeon  which  layed  during  the  present  experiment 
was  not  so  stained.  This  discrepancy  may  be  due  either  to  a  failure  of  the 
shell  gland  to  secrete  the  alizarine  or  to  its  not  being  incorporated  in  the 
form  of  calcium  which  is  laid  down  in  the  shell. 

•  SUMMARY 

Injection  of  estrogen  into  pigeons  was  followed  by  a  rise  in  the  serum 
calcium  level  and  hypercalcification  of  the  bone.  The  serum  calcium  of  the 
normal  male  and  the  non-laying  female  pigeon,  maintained  under  labo¬ 
ratory  conditions,  varied  between  8.00  and  8.80  mg.  per  100  cc.  of  serum. 
Following  daily  injections  of  1,000  i.u.  of  estrogen  these  values  increased, 
ranging  from  13.12  to  21.65  mg.  over  a  period  of  10  weeks. 

Hypercalcification  of  the  marrow-containing  bones  occurred  normally  at 
the  time  of  ovulation  and  was  correlated  with  the  size  of  the  ovarian  fol¬ 
licles.  Hypercalcification  began  in  males  after  two  weeks  of  treatment  with 
1,000  I.u.  of  estrogen  daily.  It  reached  a  maximum  after  5  weeks.  There 
was  a  gradient  of  calcification  beginning  with  the  femur  and  extending  to 
the  tibia  and  then  to  the  radius  and  ulna. 

Most  of  the  new  bone  was  endosteal,  although  there  were  some  perios¬ 
teal  deposits  near  the  epiphyses.  The  osteoblasts  were  first  active  at  the 
endosteal  border.  Then  osseous  spicules  extended  into  the  marrow  and  inter¬ 
laced  to  form  spongy  bone  which  occupied  most  of  the  former  marrow  space. 
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It  is  generally  believed  that  during  pregnancy  the  estrogenic  hormones 
present  in  the  blood  and  urine  are  produced  by  the  placenta.  However,  there 
seem  to  be  several  facts  which  suggest  that  some  organ  other  than  the  placenta 
may  be  the  source  of  these  hormones.  Three  main  facts  stand  out  as  sup¬ 
porting  this  idea.  We  have  found  that  the  death  of  the  fetus  in  utero  causes 
a  rapid  fall  in  the  estrogen  excretion,  even  though  the  placenta  may  continue 
to  grow.  There  is  a  very  small  amount  of  estrogens  found  in  the  cases  of 
chorioepithelioma  studied  in  our  laboratory  in  spite  of  a  great  mass  of  tropho- 
blast  tissue.  Large  amounts  of  estrogens  are  recovered  from  the  urine  in 
some  cases  of  adrenal  tumors  (1).  In  addition  to  the  above  evidence  there 
is  the  fact  that  the  trophoblast  cells  of  the  placenta  cease  growing  and  de¬ 
generate  in  the  last  months  of  pregnancy  as  the  estrogen  level  continues  to 
rise.  The  histology  of  the  placenta  in  cell  growth  and  activity  follows  the 
pregnancy  prolan  (P.U.)  curve  in  contrast  to  that  of  the  estrogens. 

In  the  extraction  and  quantitation  (titration)  of  estrogenic  substances 
from  tissues,  three  factors  are  of  great  importance  in  judging  results:  the 
freshness  of  the  tissue,  the  condition  of  the  castrated  mice  and  the  end 
point  demanded  in  the  reading  of  the  smears.  At  first  our  results  were  quite 
low  because  we  used  fresh  tissue,  did  not  prime  our  mice  and  demanded  a 
completely  non-nucleated  smear  with  no  polymorphonuclear  cells  as  our  end 
point.  The  quantity  obtained  can  be  greatly  increased  by  letting  some  tissues 
stand  for  several  days,  even  in  the  ice  box.  Also  some  investigators  use  a 
much  more  delicate  end  point  in  reading  smears.  Recently  we  have  been 
priming  our  castrated  mice,  bringing  them  into  estrus  regularly  every  10 
days  to  a  full  non-nucleated  smear.  This  has  increased  our  yield  fourfold. 

METHODS  AND  RESULTS 

The  technique  that  we  have  used  is  as  follows:  within  2  to  3  hours  of 
delivery  of  the  placenta  or  the  death  of  the  patient  the  tissues  are  ground 
very  finely  in  a  meat  grinder.  They  are  then  put  into  10  times  their  weight 
of  acetone.  They  are  left  in  acetone  48  hours,  changing  at  24.  The  acetone 
is  poured  off  and  combined.  Two  changes  of  ether  in  24  hours  are  then 
applied.  The  acetone  is  evaporated  off  over  a  steam  bath.  The  residue  is 
taken  up  by  the  ether  extract  which  is  then  evaporated  with  olive  oil.  We 
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have  checked  this  method  against  that  of  Smith  and  Smith  ( 2 ) .  Their  method 
diflFers  in  that  they  dry  the  tissue  under  vacuum  and  powder  it.  They  then 
extract  with  alcohol  over  a  steam  bath.  Providing  our  placentas  stand  the 
length  of  time  involved  in  drying  and  powdering,  before  we  extract  them 
wet,  we  get  no  increase  by  using  the  method  of  Smith  and  Smith. 

Our  results  are  based  on  the  study  of  5  cases  of  maternal  death  with  fetus 
in  utero  during  the  last  trimester.  As  to  the  causes  of  death  in  these  5  cases,  2 
were  violent  accident,  1  from  eclampsia,  1  from  pneumonia  and  1  from 
peritonitis.  In  addition  to  these  we  report  the  findings  on  6  stillborn  full- 
term  fetuses  and  their  placentas.  First  the  relative  amounts  of  estrin  in  the 
various  organs  were  studied.  We  were  primarily  interested  in  the  amount 


Table  1.  Estrogenic  hormone  content  of  tissues  expressed  in  C.M.U. 

PER  KG.  OF  WET  TISSUE 


Material 

Placenta 

Liver 

Kidney 

Adrenal 

6-mo.  Fetus 

500 

4000 

>350 

>625 

4-mo.  Fetus 

200 

300 

1 

Mother  (Eclampsia) 

1500 

200 

330 

\ 

8-mo.  Fetus 

300 

330 

<330 

270 

Full-Term  Fetus 

100 

280 

140±» 

8-mo.  Fetus 

200 

500 

500 

8-mo.  Fetus 

500 

500 

200 

1000 

Full-Term  Fetus 

200 

300 

200 

600 

Stillborn 

J 

f  Mother 

500 

1 

iFetus 

166 

166 

(Mother 

500 

IFetus 

250 

500 

Primed 

(Mother 

1000 

2000 

500 

Mice 

IFetus 

2000 

1000 

250 

1000 

Primed 

(Mother 

500 

250 

250 

Mice 

(Fetus 

250 

1000 

250 

500 

*  Trace. 


of  the  adrenals  and  livers,  maternal  and  fetal,  and  their  relation  to  the  pla¬ 
centa.  In  addition  we  studied  the  effect  of  decomposition  of  the  tissues  ex¬ 
tracted  in  the  amounts  secured.  The  problem  was  to  see  if  we  could  increase 
our  yield  by  this  process.  We  have  compiled  our  results  into  two  tables, 
the  first  showing  the  relative  amount  of  essentially  free  estrogens  extracted 
from  the  various  organs,  and  the  second  the  increase  or  decrease  following 
decomposition.  For  decomposition  the  ground-up  tissues  were  allowed  to 
stand  for  one  week  in  an  open  flask  at  room  temperature.  Then  our  routine 
extraction  was  made. 

In  studying  the  results  in  table  1,  certain  interesting  facts  stand  out.  In 
no  case  were  there  more  estrogens  in  the  placenta  than  in  any  other  organ. 
In  8  of  11  fetuses  there  was  considerably  more  estrogenic  substance  in  the 
fetal  liver  than  in  the  placenta.  In  only  one  case  was  more  found  in  the 
placenta  than  in  the  fetal  liver.  It  has  long  been  observed  that  there  is  marked 
degeneration  of  the  fetal  adrenals  starting  immediately  following  birth.  This 
suggests  the  possibility  of  a  secretory  function  during  fetal  life.  With  this 
in  mind  the  findings  in  the  fetal  adrenals  are  of  interest.  In  all  cases  but  one 
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the  fetal  adrenals  contained  an  amount  of  estrogenic  substance  equal  to  or 
more  than  that  in  the  placenta. 

The  results  on  the  maternal  organs  show  that  the  liver  in  every  case  but 
one  contained  2  to  6  times  as  much  estrogenic  substance  as  the  placenta.  In 
3  cases  in  which  the  maternal  adrenal  was  assayed,  the  level  was  the  same 
or  lower  than  that  of  the  placenta.  The  maternal  kidney  contains  a  level  close 
to  the  placenta,  suggesting  that  the  excretion  depends  on  the  placental  level 
rather  than  a  renal  threshold. 

The  problem  of  breaking  down  tissue  estrogenic  compounds  was  ap¬ 
proached  by  the  process  of  decomposing  the  tissue  as  described  above.  Al¬ 
though  only  2  cases  were  studied,  the  results  seem  of  sufficient  interest  to 
be  reported.  It  can  be  seen  by  the  table  that  two  points  stand  out  particu¬ 
larly.  Decomposition  of  placental  tissue  increases  the  yield  of  estrin.  We 
have  found  this  to  be  a  constant  finding  in  the  extraction  of  numerous  indi- 


Table  2 


Material 

Placenta 

Liver 

Kidney 

Fresh 

Rotted 

Fresh 

Rotted 

Fresh 

Rotted 

Primed/ Mother 

1000 

650 

250 

250 

Mice  iFetus 

2000 

3000 

1000 

500 

PrimedfMother 

500 

500 

250 

<250 

Mice  \Fetus 

250 

650 

1000 

500 

vidual  placentas.  Decomposition  of  liver  tissue  both  fetal  and  maternal  de¬ 
creases  the  amount  of  estrin.  As  a  control,  the  kidney  showed  little  change 
by  decomposition. 

The  results  of  our  work  have  led  us  to  believe  that  the  placenta  is  not 
the  source  of  the  estrogens  during  pregnancy.  Rather,  the  general  cholesterol 
metabolism  involving  liver  and  adrenal  seems  a  more  logical  source.  The 
finding  of  the  largest  amount  of  the  substance  in  the  maternal  liver  is  an 
indication  toward  this  belief.  The  finding  of  considerable  amounts  in  the  fetal 
adrenals  fits  in  with  their  hyperplasia  during  uterine  life  and  their  degenera¬ 
tion  following  birth.  It  is  also  of  interest  in  relation  to  the  drop  in  estrin 
following  fetal  death.  We  do  not  deny  that  the  placenta  is  an  important 
cog  in  the  different  metabolic  changes,  but  we  do  not  believe  that  it  is  the 
primary  source.  The  increase  in  amount  obtained  by  decomposition  suggests 
storage  or  change  in  form  by  the  placental  tissue.  There  may  be  a  formation 
of  estrogen  compounds  from  the  free  estrogens  formed  in  the  general  choles¬ 
terol  metabolism.  Certainly  placental  cytology  during  the  last  2  months  of 
pregnancy  shows  a  diminishing  activity  and  function,  with  actual  scarcity 
of  trophoblast  cells.  This  is  difficult  to  correlate  with  the  high  and  rising 
estrogen  content  of  the  blood  and  urine. 

SUMMARY 

Five  cases  of  maternal  and  fetal  organs  have  been  extracted  and  assayed 
for  their  estrogenic  substances  and  titrated  against  the  placental  content.  In 
addition,  the  organs  of  6  fetuses  have  been  titrated  against  their  placentas. 
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The  livers  and  adrenals  of  both  mother  and  fetus  have  been  studied  because 
of  their  known  involvement  in  the  cholesterol  metabolism.  The  effect  of  de¬ 
composition  of  the  tissues  on  the  amount  of  the  estrogens  extracted  has  been 
studied.  The  results  have  led  us  to  believe  that  the  source  of  the  estrogens 
during  pregnancy  is  in  the  general  cholesterol  metabolism.  Although  the  pla¬ 
centa  plays  a  prominent  part,  it  is  not  the  actual  source. 

The  maternal  liver  and/or  the  fetal  liver  contains  more  estrogenic  sub¬ 
stance  in  pregnancy  than  the  placenta.  The  fetal  adrenals  contain  as  much  as 
or  more  than  the  placenta.  Decomposition  of  tissue  causes  an  increase  in 
amount  recovered  from  the  placenta  and  a  decrease  in  the  liver.  The  general 
cholesterol  metabolism  is  a  more  likely  source  of  the  estrogenic  substances 
in  pregnancy  than  the  placenta. 
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THE  EFFECT  OF  ESTRIN  ON  THE  GONAD-STIMULATING 
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PARABIOTIC  RATS 

EDUARDO  BUNSTERi  and  ROLAND  K.  MEYER* 

From  the  Department  of  Anatomy,  The  University 
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Sauerbruch  and  Heyde  (1)  reported  in  1908  that  it  was  possible  to  unite 
successfully  two  warm-blooded  animals  in  such  a  way  that  a  permanent  and 
intimate  exchange  of  humoral  fluids  was  practicable  (parabiosis).  In  1921 
Matsuyama  (2)  reported  that  the  parabiotic  union  of  a  castrated  or  spayed 
rat  with  a  normal  female  resulted  in  very  striking  changes  in  the  ovaries  and 
associated  organs  of  the  normal  partner.  He  did  not  find  a  satisfactory  ex¬ 
planation  of  the  observed  phenomena.  Goto  (3)  in  1925  extensively  con¬ 
firmed  the  results  of  Matsuyama  in  a  very  careful  work,  and  conjectured  that 
the  castrated  animal  develops  a  'Kastrohormon’  which,  circulating  in  its 
blood  and  going  to  the  normal  twin  is  responsible  for  the  outcome  of  the 
experiment. 

The  results  of  the  studies  of  the  gonad-stimulating  function  of  the  an¬ 
terior  lobe  of  the  pituitary  body  made  by  Zondek  and  Aschheim  (4)  and 
Smith  and  Engle  (5),  permitted  Fels  (6)  and  Kallas  (7)  to  give  a  satis¬ 
factory  explanation  of  the  effects  that  the  above-mentioned  workers  had  al¬ 
ready  observed  in  the  parabiotic  experiments.  They  pointed  out  that  the 
’Kastrohormon,’  whose  existence  was  emphasized  by  Goto,  ought  to  be 
identified  with  the  gonad-stimulating  hormone  of  the  anterior  lobe  of  the 
hypophysis. 

These  investigators  disagreed  as  to  the  mechanism  of  the  relation  between 
the  anterior  pituitary  and  the  gonads.  Thus,  Fels  contended  that  after  gonad- 
ectomy  there  is  no  increase  in  the  normal  functional  activity  of  the  pituitary 
gland  and  that  the  seeming  increase  in  gonad-stimulating  hormone  is  unused, 
due  to  the  passage  of  the  now  unused  hormone  into  the  other  partner.  Kallas, 
however,  believed  that  the  stimulation  of  the  ovaries  of  the  non-castrated  in 
parabiosis  with  a  castrated  animal  was  the  result  of  the  removal  of  an  in¬ 
hibiting  factor  present  in  the  ovaries. 

In  order  to  test  his  assumption,  Kallas  (8)  made  daily  injections  of  estrin 
into  the  castrated  or  spayed  associate  in  parabiosis  with  a  normal  female.  He 
succeeded  in  preventing  the  precocious  sexual  maturity  of  the  normal  female 
only  in  those  cases  in  which  the  gonadectomized  associate  was  a  female.  When 

'  Clinica  Gineiologica,  Escuela  de  Medicina  de  la  Universidad  de  Chile,  Santiago,  Chile — Guggenheim 
Fellow,  19}2. 

’  National  Research  Council  Fellow  in  the  Biological  Sciences,  1932. 
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the  gonad-deprived  partner  was  a  male  the  substitution  treatment  was  in¬ 
efficient,  the  female  hormone  was  not  able  to  inhibit  the  male  hypophysis  and 
the  normal  female  twin  showed  the  usual  signs  of  abnormal  development  of 
its  gonads  and  associated  organs  as  in  the  case  of  parabiosis  with  a  non- 
injected  gonadectomized  animal. 

The  results  obtained  by  Kallas  appear  to  give  a  functional  confirmation 
of  the  previous  findings  of  Lehmann  (9)  who,  investigating  the  histological 
picture  of  hypophysis  after  castration  in  the  rat,  arrived  at  similar  conclusions, 
i.e.,  that  these  changes  could  only  be  prevented  by  the  use  of  the  iso-sexual 
hormone  or  by  implantation  of  the  gonad  of  the  same  sex  of  the  castrated 


Table  1 


Normal  Female — Castrate  Female 
Parabiosis 

^  Group 
A 

Normal  Female — Castrate 
Male  Parabiosis 

Group  D 

Group 

B 

Group 

C 

Group  E 

Estrin  injected  into  the 

1  castrated  partner 

Para¬ 

biotic 

controls 

Single 

9 

controls 

Para¬ 

biotic 

controls 

Estrin  injected  into 
the  castrated  partner 

Ar.u. 

i  R.U. 

J  R.U. 

i  R.U. 

1  R.U. 

i  R.U. 

I  R.U. 

1  R.U. 

2  R.U. 

No.  of  cases 

6 

5 

6 

5 

5 

6 

12 

13 

6 

6 

6 

6 

Av.  age  at 
time  of  au¬ 
topsy  (days) 

34 

37 

36 

37 

39 

35 

35 

35 

31 

32 

35 

37 

Av.  weight 
of  ovaries 
(mg.) 

22.3 

14 

14 

13.7 

11.5 

72.6 

14.5 

88.2 

31.1 

19.2 

17.5 

12.5 

animal.  Moreover,  Martins  and  Rocha  (10)  have  found  that  the  implantation 
of  the  testis  in  a  parabiotic  castrated  male  prevents  the  occurrence  of  preco¬ 
cious  sexual  maturity  in  the  normal  female  partner  but  it  is  useless,  within 
certain  limits,  if  such  implantation  is  performed  in  a  gonadectomized  female 
partner. 

The  papers  of  Kallas,  Lehmann  and  Martins  and  Rocha  are  complementary 
and  seem  to  demonstrate  that  the  anterior  pituitary,  which  produces  a  non¬ 
specific  gonad-stimulating  substance,  is  controlled  or  regulated  in  its  function 
in  a  specific  way  by  the  iso-sexual  hormones  of  the  male  and  female  gonads. 
On  the  other  hand,  Moore  and  Price  (11),  Leonard,  Meyer  and  Hisaw  (12), 
Meyer,  Leonard,  Hisaw  and  Martin  (13),  Meyer  and  Hertz  (14),  Spencer, 
D’ Amour  and  Gustavson  (15),  Hohlweg  (16),  Zondek  (17)  and  others, 
have  extensively  demonstrated  the  influence  of  estrin  on  the  gonad-pituitary 
relationship  both  in  the  male  and  female  rat. 

In  the  present  experiments  we  have  repeated  and  extended  Kallas’s  re¬ 
search,  in  the  effort  to  find  a  satisfactory  explanation  of  the  discrepancies  be¬ 
tween  the  work  of  Kallas  and  Lehmann  and  that  of  Moore  and  Price  and 
others,  at  the  same  time  seeking  possible  evidence  of  a  quantitative  regulation 
of  the  interrelationship  between  the  anterior  pituitary  and  the  gonads.  'The 
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junior  author  in  collaboration  with  Dr.  Roy  Hertz  has  made  a  similar  study 
with  crystalline  estrone  (14). 

METHODS 

For  the  experiment  248  immature  albino  rats  were  used,  but  of  this  num¬ 
ber  the  results  obtained  from  140  are  tabulated.  The  remainder  represent  ani¬ 
mals  beyond  the  age  limits  of  our  experiments  whose  inclusion  would  bring 
confusion  in  the  results,  those  used  in  preliminary  experiments  not  thoroughly 
recorded,  pairs  which  died  before  the  l4th  day  of  parabiotic  union,  and  those 
which  became  infected.  The  remaining  140  animals  were  united  in  parabiosis 
in  the  following  way:  13  9  5  controls,  24  9  5  experimentals,  6  9  9  con¬ 
trol  and  27  9  9  experimentals.  In  addition,  12  single  control  female  rats 
were  used. 

The  age  of  the  animals  at  the  time  of  operations  ranged  between  l6  and 
25  days,  most  of  them  being  between  17  and  20  days.  The  operations  were 
all  done  with  aseptic  technic  following  the  method  described  by  Bunster  and 
Meyer  (17).  The  initial  and  final  weights  were  recorded.  In  order  to  make 
comparison  easier  it  was  assumed  that  the  initial  weight  of  the  couple  was 
that  which  the  animals  showed  on  the  day  following  the  operation,  and  that 
the  final  weight  was  that  found  at  the  time  of  autopsy. 

The  active  substance  injected  was  amniotin*  containing  100  R.U.  of  estro¬ 
genic  substance  in  each  cubic  centimeter  of  an  aqueous  solution  containing 
25  per  cent  alcohol.  The  solution  to  be  injected  was  made  up  in  Mazola  (com¬ 
mercial  maize  oil).  The  oily  solutions  were  always  made  in  such  a  way  that 
the  active  amount  of  substance  was  always  contained  in  0.05  cc.  of  Mazola. 
The  single  control  animals  and  castrated  partners  of  the  parabiotic  control 
twins  received  0.05  cc.  of  Mazola  oil. 

The  amniotin  was  assayed  several  times  during  the  course  of  the  experi¬ 
ments.  The  examinations  confirmed  the  content  of  100  R.u.  in  1  cc.,  as  indi¬ 
cated  by  the  manufacturer. 

The  animals  received  one  subcutaneous  injection  daily,  usually  in  the 
morning.  The  first  injection  was  made  the  day  following  the  operation;  i.e., 
16  hours  after  the  castration.  Every  day,  at  the  time  of  the  injections,  the 
animals  were  observed.  The  day  of  the  opening  of  the  vagina  and  the  vaginal 
smear  was  recorded. 

At  the  end  of  the  experiment  the  animals  were  weighed  alive  and  then 
killed  with  ether.  The  ovaries  were  carefully  dissected  and  weighed.  The 
diameter  and  characteristics  of  the  uterus  were  recorded.  As  a  routine,  the 
parabiotic  suture  and  area  of  union  were  examined  and  dissected,  and  if  an 
infection  of  any  importance  was  present  the  animals  were  discarded.  Never¬ 
theless,  slight  infection  at  the  posterior  angle  of  the  skin  suture  or  in  con¬ 
nection  with  the  silk  uniting  both  scapulas  was  not  considered  a  sufficient 
cause  for  eliminating  a  pair. 

RESULTS  AND  DISCUSSION 

The  results  summarized  in  table  1  show  the  number  of  pairs  of  rats  in 
each  class,  the  average  age  of  the  animals  and  their  sex,  and  the  average 

*  The  amniotin  was  kindly  furnished  by  E.  R.  Squibb  &  Sons. 
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ovarian  weight  as  correlated  with  the  quantity  of  amniotin  injected.  The 
average  ovarian  weight  of  single  control  animals  (group  A)  served  as  the 
basis  for  determining  the  extent  to  which  ovarian  hypertrophy  that  follows 
castration  can  be  prevented  by  the  injection  of  estrin  in  the  form  of  amniotin 
(groups  D  and  £).  Thus,  complete  inhibition  is  concluded  to  have  been 
obtained  when  the  average  weight  of  the  ovaries  of  the  non-castrated  parabiont 
was  that  of  single  control  animals. 

The  average  weight  of  the  ovaries  of  the  single  controls  (group  A)  was 
14.5  mg.,  with  a  mean  age  of  35  days.  The  ovaries  of  the  females  united  to 
spayed  females  (group  B)  reached  an  average  weight  of  72.6  mg.,  i.e.,  nearly 
5  times  as  large  as  those  of  the  single  controls  of  the  same  age.  When  the 
castrated  partner  was  a  male,  as  was  the  case  in  group  C,  the  ovaries  were 
even  larger,  reaching  an  average  of  88.2  mg.  Most  of  the  ovaries  belonging 
to  groups  B  and  C  contained  large  follicles  and  numerous  corpora  lutea. 

The  spayed  females  in  parabiosis  with  normal  females  received  varying 
amounts  of  amniotin  in  order  to  find  the  minimal  amount  of  hormone  suffi¬ 
cient  to  inhibit  the  activity  of  the  anterior  pituitary  (group  D).  The  results 
show  that  Yg  R.U,  was  in  most  cases  enough  to  prevent  the  increase  in  gonado¬ 
tropic  hormone  which  could  be  expected  to  occur  after  removal  of  the  ovaries. 

In  group  E  the  castrated  males  were  injected  with  amounts  of  estrin  larger 
than  those  given  the  parabionts  in  the  previous  group.  These  data  show  that 
between  1  and  2  R.U.  of  amniotin  was  in  all  cases  sufficient  to  inhibit  the 
secretion  of  the  gonadotropic  complex  of  the  castrated  male.  (The  quantities 
of  estrin  which  we  have  found  sufficient  to  prevent  increase  in  the  gonado¬ 
tropic  hormone  of  castrated  immature  male  and  female  rats  is  less  than  re¬ 
ported  by  Meyer  and  Hertz  (14).  This  discrepancy  is  explainable  on  the 
basis  of  the  difference  in  the  estrin  preparation  and  the  age  of  the  animals. ) 
These  data  show  that  approximately  8  times  more  estrin  is  required  to  inhibit 
the  hyperfunction  of  the  anterior  pituitary  gland  of  the  male  than  that  re¬ 
quired  to  inhibit  the  female  gland. 

It  may  be  inferred  from  this  finding  that  there  is  a  sex  specific  difference 
in  sensitivity  between  the  male  and  female  pituitary  as  regards  susceptibility 
to  estrin.  This  difference  in  specificity  provides  a  reason  why  Kallas  (8)  and 
Lehmann  (9)  assumed  that  only  the  female  pituitary  was  susceptible  to  estrin. 
In  the  present  quantitative  studies  we  have  found,  in  accordance  with  Moore 
and  Price  (11),  Leonard,  Meyer  and  Hisaw  (12),  Meyer,  Leonard,  Hisaw 
and  Martin  (13),  Meyer  and  Hertz  (14)  and  Hohlweg  (16)  that  the  gonad- 
pituitary  interrelationship  of  the  male  rat  is  also  effected  by  estrin.  The  data 
indicate  that  there  is  a  quantitative  but  not  a  qualitative  difference  between 
the  two  sexes. 

SUMMARY 

Estrin,  as  found  in  amniotin  was  studied  for  its  effect  on  the  gonad-stimu¬ 
lating  hormone  of  the  anterior  pituitary  gland  of  castrated  immature  male 
and  female  rats  in  parabiosis  with  immature  females.  The  data  indicate  that 
the  pituitary  of  the  castrated  male  develops  a  moderately  higher  gonad-stimu¬ 
lating  activity'  than  that  of  the  female.  There  is  no  qualitative  but  only  a 
quantitative  difference  in  the  sensitivity  of  the  pituitary  gland  of  the  two 
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sexes  to  estrin.  The  average  daily  amount  of  estrin  in  the  form  of  amniotin, 
necessary  to  prevent  the  increase  of  the  gonadotropic  hormone  in  the  castrated 
male,  21  to  35  days  old,  is  1  R.U.,  and  that  necessary  to  produce  the  same 
result  in  the  spayed  female  is  Yg  R.u. 
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THE  EFFECT  OF  ANTUITRIN-S  ON  THE  THYMUS  OF  THE 
YOUNG  ALBINO  RAT 


EARL  O.  BUTCHER  and  E.  C.  PERSIKE,  JR. 

From  the  Biological  Laboratory,  Hamilton  College 
CLINTON,  NEW  YORK 

There  is  much  evidence  that  the  sex  glands,  through  their  hormones,  exert 
an  inhibitory  effect  on  the  growth  of  the  thymus.  For  instance,  it  is  well  known 
that  in  the  human  the  thymus  begins  involution  about  the  time  of  puberty. 
In  the  guinea  pig  (1,  2),  and  in  the  rabbit  (3),  the  involution  of  the  thymus 
may  be  delayed  by  the  removal  of  the  gonad.  Furthermore,  the  thymus  is  en¬ 
larged  in  status  lymphaticus  in  man,  and  this  is  thought  to  be  the  result  of 
insufficient  functional  activity  of  the  adrenal  and  sex  glands  (3).  Recently,  it 
has  also  been  shown  that  the  thymus  enlarges  on  ovariectomy  in  mature  rats 

(4). 

Moore  ( 5 )  demonstrated  in  rats  that  antuitrin-S  stimulates  hormone  secre¬ 
tion  by  the  testes,  and  this  hormone  causes  increased  activity  and  growth  of  the 
accessory  reproductive  organs.  It  seems  that  hormone  secretion,  stimulated  in 
the  testes  by  antuitrin-S,  should  also  cause  involution  of  the  thymus,  or  at 
least  an  arrested  growth.  Investigation  of  the  literature  showed  that  a  reduc¬ 
tion  in  the  size  of  the  rat  thymus  had  been  secured  by  injections  of  an  extract 
from  mare’s  placenta  and  uterus  (6).  Klein  (7)  also  obtained  an  involution 
in  the  thymus  of  both  male  and  female  guinea  pigs  by  injecting  pregnancy 
urine.  Despite  the  work  of  Klein,  it  seemed  very  worthwhile  to  investigate 
the  effects  on  another  rodent,  the  rat,  with  the  commercial  product  antuitrin-S, 
and  learn  a),  whether  or  not  a  change  can  be  induced  in  the  thymus  by  in¬ 
creased  hormone  production  of  the  gonad,  and  whether  or  not  this  change  is 
an  atrophy  or  an  arrested  growth;  b ),  the  amount  and  number  of  injections 
necessary  to  induce  a  change  in  the  thymus;  c),  at  what  age  a  change  can  first 
be  produced;  d),  whether  the  effect  on  the  thymus  is  via  the  gonad;  e),  the 
effect  of  the  change  of  the  thymus  on  the  body  growth  of  the  animal. 

Information  is  now  presented  which  demonstrates  that  antuitrin-S  can  be 
used  in  the  rat  to  stimulate  the  gonads  to  produce  hormones  which  arrest  the 
growth  of  the  thymus. 

METHODS 

Only  litter-mate  albino  rats  of  the  Wistar  strain,  with  approximately  the 
same  weight,  were  used  in  these  experiments.  No  animals  were  used  that 
were  over  100  days  old,  since  Donaldson’s  (8)  records  show  that  the  thymus 
in  the  rat  normally  begins  involution  and  a  decrease  in  weight  at  about  that 
age.  Some  of  the  animals  of  the  litter  were  used  as  controls,  while  others 
received  various  quantities  of  antuitrin-S^  for  certain  periods.  Usually,  the 

*  The  antuitrin-S  was  furnished  by  Parke,  Davis  &  Company,  through  the  courtesy  of  Dr.  Oliver 
Kamm. 
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animals  were  killed  2  days  after  the  last  injection.  The  thymus  of  each  rat  was 
dissected  free  from  fat  and  fascia,  weighed,  and  was  then  fixed  in  Bouin’s 
fluid  for  sectioning.  The  body  weights  of  the  animals  at  the  beginning  of  the 
experiment  and  at  the  time  of  autopsy  were  carefully  recorded.  The  weights  of 
the  spleens  were  also  determined  at  the  end  of  each  experiment.  Space  will  not 
permit  the  presentation  of  data  for  all  of  the  animals,  and  a  few  litters  have 
therefore  been  selected  as  typical  of  all.  In  our  experiments,  it  has  been  found 
necessary  to  use  litter  mates  with  approximately  the  same  body  weights,  since 
rats  from  different  litters,  although  weighing  the  same,  usually  have  too  great 
variations  in  the  weights  of  their  thymi  for  experimental  purposes. 

EFFECTS  OF  ADMINISTRATION  OF  ANTUITRIN-S  ON  THE  THYMUS 

Males.  Daily  administration  of  20  u  of  antuitrin-S  causes  the  thymi  of 
20-day  and  older  rats  to  stop  growing  in  2  or  3  days.  Little  change  in  the 
weight  of  the  thymus  follows  if  the  injections  are  continued  daily  (litters  1, 
2,  3,  4).  Since  there  is  little  decrease  in  the  weight  of  the  thymus  upon  pro¬ 
longed  treatment  with  antuitrin-S,  it  would  seem  more  appropriate  to  refer 
to  the  change  induced  in  the  thymus  as  arrested  growth  rather  than  involution 
or  atrophy. 

Histological  sections  show  that  the  thymi  of  rats,  which  have  received 
antuitrin-S,  have  thicker  capsules  and  smaller  lobules  than  the  thymi  of  the 
control  litter  mates.  A  less  dense  cortex  can  usually  be  noted  in  the  thymi  of 
the  injected  animals,  resulting  in  a  less  distinct  division  between  the  cortex 
and  the  medulla.  No  extensive  deposition  of  fat  occurs  in  the  interlobular 
connective  tissue.  Such  changes,  however,  appear  gradually  in  the  experi¬ 
mental  animals. 

The  daily  dosage  was  varied  from  10  to  50  u.  Fifty  u,  of  course,  caused 
the  greatest  change  in  the  thymus,  but  10  u  proved  so  effective  that  the  larger 
dosage  did  not  seem  warranted.  To  insure  a  good  effect,  however,  20  u  per 
day  were  used  in  most  of  the  experiments.  If  intervals  of  1  or  2  days  separated 
injections  of  antuitrin-S,  some  change  in  the  thymus  was  noted  in  all  of  the 
animals.  The  daily  administration  of  20  u,  however,  was  found  to  be  much 
more  effective. 

In  one  group  of  experiments,  the  animals  were  injected  for  5  days,  and 
then  the  injections  were  discontinued  for  5  days.  This  routine  was  repeated 
3  times,  and  the  animals  were  killed  on  about  the  50th  day  (litter  5).  Such  a 
routine  was  nearly  as  effective  as  when  the  injections  were  uninterrupted 
(compare  litters  1  and  5). 

When  the  injections  of  antuitrin-S  are  stopped,  the  thymus  soon  hyper¬ 
trophies,  often  surpassing  in  size  and  weight  the  thymus  of  the  litter-mate 
control  (litters  2,  6).  Enlargement  occurs  more  slowly  after  the  cessation  of 
prolonged  administration  than  it  does  after  injections  for  only  a  few  days.  It 
is  shown  in  litter  6  that  16  days  after  ceasing  administration,  marked  hyper¬ 
trophy  has  occurred.  Even  after  prolonged  administration  of  the  hormone, 
enlargement  occurs  (litter  3).  These  results  agree  with  Gottesman  and  Jaffe 
(9),  for  they  found  that  small  parts  of  thymi,  remaining  after  partial  thy¬ 
mectomy  in  rats,  hypertrophy  very  rapidly. 
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Table  1.  The  effect  of  antuitrin-s  upon  the  thymi  of  young  albino  rats 


No. 

of 

Rats 

At  Autopsy 

Litters 

Units  Daily 

Age 

Av.  Body 
Wt, 

Gm. 

Av.  Wt.  of 
Thymus 
Mg. 

Increase 
of  Thymus 
in  Control 

Av.  Wt.  of 
Spleen 
Mg. 

Males 


1 

2 

3 

30  R.u.  (23-37  days) 
Control 

38 

38 

105.7 

101.6 

217. 

317. 

% 

46.0 

1 

20  R.u.  (22-49) 

51 

185.0 

278. 

488. 

2 

1 

20  R.u.  (22-49;  58-68) 

70 

235.2 

270. 

577. 

2 

Control 

70 

211.4 

451. 

66.8 

608. 

2 

20  R.u.  (22-49) 

70 

244.7 

579. 

743. 

1 

20  R.u.  (24-54;  64-78) 

105 

316. 

483. 

3 

1 

20  R.u.  (24-54;  64-78) 

80 

198. 

448. 

1 

Control 

80 

250.0 

450. 

127.0 

508. 

n 

20  R.u.  (46-56) 

167.0 

318. 

505. 

WM 

n 

Control 

174.0 

483. 

52.0 

530. 

1 

20  R.u.  (20-24;  28-32; 

38-42) 

44 

93.0 

245. 

319. 

5 

1 

Control 

44 

94.0 

336. 

37.0 

325. 

2 

20  R.u.  (20-24;  28-32; 

38-42;  48-49) 

51 

136.8 

301. 

515. 

1 

Control 

51 

138.6 

421. 

40.0 

500. 

6 

1 

30  R.u.  (23-37) 

53 

188.5 

509. 

557. 

1 

Control 

53 

194.0 

486. 

482. 

1 

20  R.u.  (5-12) 

14 

23.5 

66. 

100. 

7 

1 

Control 

14 

23.0 

61. 

93. 

1 

20  R.u.  (10-18) 

23 

49.0 

163. 

259. 

1 

Control 

23 

46.0 

210. 

28.8 

202. 

8 

1 

20  R.u.  (10-18) 

■1 

47.7 

158. 

264. 

1 

Control 

El 

43.5 

200. 

26.6 

249. 

1 

Castrated  32nd  day. 

30  R.u.  (34-45) 

46 

100.5 

290. 

414. 

9 

I 

Control 

46 

101.9 

275. 

327. 

1 

Castrated  23rd  day. 

mM 

10 

50  R.u.  (25-33) 

34 

80.0 

443. 

1 

Castrated  23rd  day 

34 

72.0 

mnm 

308. 

1 

Control 

34 

81.0 

320. 

341. 

2 

Castrated  27th  day. 

11 

20  R.u.  (29-36) 

38 

85.0 

287. 

1 

20  R.u.  (2^36) 

38 

96.4 

270. 

1 

Control 

38 

91.0 

333. 

23.3 

Females 


I 
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Table  1.  (Continued) 


Litters 

No. 

of 

Rats 

Units  Daily 

At  Autopsy 

Age 

Av.  Body 
Wt. 

Gm. 

Av.  Wt.  of 
Thymus 
Mg. 

Increase 
ofThymus 
in  Control 

Av.  Wt.  of 
Spleen 
Mg. 

2 

20  R.u.  (22-26;  30-34; 

15 

40-44;  50-53) 

55 

163.2 

479. 

1 

Ojntrol 

55 

151.0 

38.5 

399. 

16 

1 

20  R.u.  (5-18) 

El 

59.0 

385. 

1 

Control 

H 

55.0 

312. 

54.4 

2 

20  R.u.  (10-18) 

21 

149. 

298. 

17 

1 

Control 

21 

44.5 

210. 

40.9 

264. 

1 

Control 

16 

126. 

135. 

1 

Ovariectomized  22nd 

18 

day.  20  R.u.  (24-31) 

33 

338. 

365. 

1  1 

20  R.u.  (24-31) 

33 

300. 

1 

Control 

33 

HI 

340. 

47.8 

231. 

1 

Ovariectomized  22nd 

19 

day.  20  R.u.  (23-34) 

35 

82.4 

430. 

342. 

2 

20  R.u.  (23-34) 

35 

74.8 

284. 

304. 

2 

Control 

35 

74.7 

399. 

40.7 

287. 

1 

20  R.u.  (22-35) 

36 

%.5 

181. 

348. 

1 

20  R.u.  every  other 

20 

day.  (22-35) 

36 

99.5 

330. 

403. 

1 

50  R.u.  every  other 

day.  (22-35) 

36 

98.7 

354. 

516. 

1 

50  R.u.  every  third 

day.  (22-35) 

36 

97.9 

440. 

427. 

1 

Control 

36 

92.9 

473. 

377. 

In  determining  the  earliest  age  at  which  changes  could  be  induced  in  the 
thymus  by  the  administration  of  antuitrin-5,  daily  injections  of  20  U  were 
begun  when  some  of  the  animals  were  only  5  days  old.  As  may  be  seen  from 
table  1  (litter  7),  the  weight  of  the  thymus  was  not  altered  by  the  l4th  day. 
By  the  21st  and  23rd  days  (litters  7,8),  however,  the  thymi  of  the  injected 
animals  weighed  considerably  less  than  those  of  the  litter-mate  controls.  In 
fact,  the  thymus  of  the  injected  rat,  21  days  old,  has  about  the  same  weight 
as  the  thymus  of  the  average  normal  17  or  18-day-old  rat.  It  would  seem, 
therefore,  that  the  gonadotropic  agent  was  not  effective  before  this  age.  Smith 
and  Engle  (10)  failed  to  secure  gonad  responses  in  rats  with  pituitary  im¬ 
plants  before  the  20th  day,  but  Corey  (11)  claims  that  injections  of  the 
pituitary  gland  extract  induce  changes  in  the  rat’s  testes  by  the  10th  day  of 
postnatal  life,  and  that  the  ovary  responds  to  the  same  treatment  by  the  1 5th 
day. 

Injections  of  antuitrin-S  affect  the  thymus  through  the  gonad,  because, 
after  gonadectomy,  no  changes  can  be  induced  in  the  thymus  by  antuitrin-S 
(litters  9,  10,  11).  Such  results  show  that  the  effect  of  antuitrin-S  on  the 
thymus  is  not  due  to  the  toxicity  of  this  hormone.  Klein  (12)  obtained  no 
effects  on  the  thymus  of  castrated  individuals  by  using  pregnancy  urine,  and 
no  atrophy  of  the  thymus  has  been  secured  in  castrated  males  by  using  the 
gonadotropic  hormone  from  mare’s  placenta  (6). 


October,  1938 


PITUITARY  AND  THYMUS 


505 


Changes  induced  in  the  thymus  do  not  adversely  aflfect  body  growth.  In 
fact,  treated  rats  frequently  become  heavier  and  larger  (litters  1,2).  Evans 
and  Simpson  (6),  on  the  other  hand,  have  noted  a  definite  interference  with 
the  growth  of  males  by  the  injection  of  the  gonadotropic  hormone  extracted 
from  mare’s  placenta  and  uterus. 

Females.  The  effects  of  antuitrin-S  on  the  thymus  of  the  female  rat  are 
quite  similar  to  those  induced  in  the  male  (litters  12,  13),  with  the  exception 
that,  over  long  periods  of  treatment,  the  effectiveness  of  the  injections  tends 
to  decrease  (litter  14).  In  males,  however,  there  has  been  no  evidence  of 
refractoriness  for  the  duration  of  our  injections,  which  was  65  days.  Daily 
injections  of  the  hormone  have  not,  therefore,  been  administered  to  females 
for  more  than  30  days  because  of  the  decline  in  effectiveness  by  this  time.  If 
5  daily  injections  are  administered  (litter  13),  followed  by  an  intervening 
period  of  5  days  of  nontreatment,  and  this  routine  is  repeated,  the  thymus  of 
the  female  rat  is  more  likely  to  remain  in  an  arrested  condition  than  if  the 
rat  were  injected  daily. 

As  in  the  male,  effects  cannot  be  induced  much  earlier  than  the  17th  or 
18th  days  (litters  16,  17).  The  effects  of  the  injections  are  induced  through 
the  ovary,  because  injections  of  antuitrin-S  are  ineffective  in  ovariectomized 
individuals  (litters  18,  19).  Daily  injections  are  more  effective  than  injections 
on  alternate  days  (litter  20).  Those  rats  receiving  antuitrin-S  grow  equally  as 
well  as  the  nontreated  litter  mates. 

Usually,  the  spleens  of  the  injected  females  are  heavier  than  those  of  the 
control  litter  mates.  Such  an  enlargement  of  the  spleen  has  also  been  noticed 
in  treated  males.  It  undoubtedly  is  not  a  compensatory  hypertrophy,  since  the 
spleen  enlarges  similarly  in  gonadectomized  individuals  (litters  9,  10,  18, 
19). 

DISCUSSION 

Injections  of  antuitrin-S  cause  arrested  growth  of  the  thymus  in  both 
male  and  female  rats.  The  effectiveness  of  the  hormone,  however,  declines 
in  the  female  with  prolonged  injections.  Gordon,  Kleinberg,  and  Charipper 
(13)  also  find  that  antuitrin-S  becomes  less  effective  on  the  ovary  after  long 
periods  of  injection.  Changes  in  the  ovaries  of  the  rats  were  induced  for  15 
days,  and  then  the  ovaries  became  normal  in  size  within  2  or  3  months,  de¬ 
spite  continued  injections.  With  the  spleen  removed,  the  ovary  responded  for 
30  days.  Gordon  and  his  associates  believe  that  the  smaller  responses  in  the 
animals  with  the  spleen  intact  is  due  to  the  spleen  forming  antibodies  and 
preventing  the  full  effectiveness  of  the  gonadotropic  hormone  on  the  ovary. 
Klein  (7)  claims  that  pregnancy  urine  induced  an  atrophy  of  the  thymus  and 
an  increase  of  Hassall’s  bodies  in  the  female  guinea  pig.  His  experiments 
lasted  for  only  32  days,  and  if  the  injections  had  been  continued,  refractoriness 
might  have  been  encountered.  Evans  and  Simpson  (6)  evidently  obtained 
no  refractoriness  in  their  experiments  as  an  atrophy  persisted  for  65  days, 
the  duration  of  their  experiments. 

Gershon-Cohen  and  his  associates  (14)  have  found  that  x-ray  destruction 
of  the  thymus  in  young  rats  48  hours  after  birth  causes  a  slowing  up  of  the 
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general  body  development.  We  have  been  unable  to  arrest  the  growth  of  the 
thymus  before  the  17th  or  18th  day  of  life  in  our  experiments,  and  the  ar¬ 
rested  condition  which  antuitrin-S  induces  does  not  affect  the  body  growth. 

The  pregnancy  urine  used  by  Klein  (7)  had  a  depressing  effect  on  the 
thymus  of  the  guinea  pig,  the  effect  being  different  in  the  two  sexes.  In  the 
female,  atrophy  of  the  thymus  and  an  increase  of  Hassall’s  bodies  occurred 
after  subcutaneous  administration  of  pregnancy  urine.  Similar  treatment  caused 
atrophy  of  the  thymus  in  the  male  without  the  increase  of  Hassall’s  bodies.  In 
our  experiments  with  the  rat,  no  such  differing  effect  was  induced  in  the  two 
sexes  by  the  injection  of  antuitrin-S. 

Table  1  of  Evans  and  Simpson  (6)  shows  that  no  effects  were  induced 
in  males  by  the  injection  of  the  gonadotropic  hormone  within  20  days.  Their 
hormone  was  supposed  to  be  extremely  potent.  Antuitrin-S  induces  very  defi¬ 
nite  effects  when  injected  for  only  5  days. 


SUMMARY 

Injections  of  the  gonadotropic  hormone,  antuitrin-S,  causes  arrested  growth 
of  the  thymus  in  young  albino  rats.  This  effect  has  not  been  induced  before 
the  18th  day,  and  is  via  the  gonads,  since  no  effect  can  be  induced  in  gonadec- 
tomized  animals.  Effectiveness  declines  in  the  female  with  continued  injec¬ 
tions  of  20  u  daily.  Changes  induced  in  the  thymus  have  no  effect  on  the 
body  growth  of  the  animal. 
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THE  THERAPEUTIC  EFFECT  OF  ADRENAL  CORTEX  EXTRACT 
ON  THE  PSYCHOTIC  PATIENT 

CONRAD  A.  LOEHNER 
From  the  Central  Islip  State  Hospital 
CENTRAL  ISLIP,  NEW  YORK 

The  problem  of  the  treatment  of  mental  disorders  is  a  very  real  one,  and 
numerous  substances  have  been  used  in  the  past  in  order  to  find  an  agent 
which  would  offer  some  hope  to  the  psychotic  patient  and  to  his  family.  The 
purpose  of  this  experiment  was  not  to  add  to  the  list  of  therapeutic  agents, 
nor  to  find  a  strange  use  for  a  specific  glandular  extract,  but  rather  to  apply 
the  therapeutic  test  to  a  theory  of  the  author  concerning  some  of  the  clinical 
manifestations  which  have  been  observed. 

In  cases  labelled  dementia  praecox,  previous  observers  have  noted  the 
presence  of  an  immature  cardio-vascular  apparatus,  cyanotic  extremities, 
asthentic  habitus,  and  fairly  low  blood  pressures.  And  in  the  chronic  case  of 
long  duration  is  frequently  found  a  muddy  discoloration  of  the  skin  which 
is  not  entirely  the  result  of  poor  hygiene.  Many  of  these  cases  appear  to  be 
related  to  hypoadrenalism  since  the  physical  complaints  and  general  appear¬ 
ances  approximate  those  seen  in  Addison’s  disease. 

An  observation  which  stimulated  this  experiment  was  the  almost  universal 
complaint  of  these  patients  of  a  feeling  of  utter  fatigue  and  exhaustion.  The 
writer  made  it  a  particular  point  to  question  those  dementia  praecox  patients 
who  made  a  good,  spontaneous  remission  concerning  the  feeling  of  fatigue 
prior  to  their  illness.  With  monotonous  regularity  they  explained  that  for  a 
period  of  some  months  before  they  became  definitely  psychotic,  they  had 
marked  feelings  of  physical  exhaustion.  Those  patients  who  did  not  have 
such  good  remissions  almost  invariably  said  that  they  intended  to  take  a 
vacation  after  they  were  released  from  the  hospital. 

The  author  has  had  an  opportunity  to  observe  a  patient  who  had  numerous 
somatic  complaints,  and  who  had  been  under  the  care  of  several  different 
physicians  in  the  past.  This  patient  was  definitely  neurotic,  and  unfortunately 
she  was  so  treated  until  a  potassium  tolerance  test  ( 1 )  indicated  that  she  was 
suffering  from  a  moderate  degree  of  adrenal  insufficiency.  She  was  put  on  a 
low  potassium  diet  and  given  small  injections  of  adrenal  cortex  extract.*  A 
sudden  change  in  her  personality  was  noticeable  after  she  received  the  in¬ 
jections  of  extract.  This  transformation  occurred  in  the  matter  of  minutes, 

*  Read  before  the  Long  Island  Psychiatric  Society  at  Central  Islip  State  Hospital,  April  19,  1938. 

’  Parke,  Davis  &  Connpany. 


507 


508 


CONRAD  A.  LOEHNER 


Volume  23 


and  it  was  so  startling  that  one  could  hardly  resist  the  temptation  to  associ¬ 
ate  her  neurotic  tendencies  with  her  physical  disease.  This  alteration  in  per¬ 
sonality  could  hardly  be  explained  solely  on  the  basis  of  psychology.  Further¬ 
more,  she  had  received  various  glandular  extracts  in  the  past,  including  thyroid, 
theelin,  and  pituitary  without  any  relief  from  her  symptoms.  Whenever  she 
becomes  lax  in  taking  the  prescribed  adrenal  cortex  extract  she  soon  becomes 
definitely  psychoneurotic. 

It  has  been  shown  that  the  Addison  patient  is  unable  to  handle  exogenous 
potassium  salts  (2,  3).  Zwemer  has  shown  that  the  injection  of  potassium 
salts  intravenously  in  the  cat  and  other  animals  has  resulted  in  a  clinical  pic¬ 
ture  of  shock  (4).  Since  it  was  believed  by  the  author  that  many  patients 
suffering  from  dementia  praecox  are  physically  worn  out,  and  that  their  dull¬ 
ness  and  sluggishness  are  only  natural  consequences  of  such  a  physical  con¬ 
dition,  it  was  decided  to  treat  a  small  group  with  adrenal  cortex  extract  in  an 
effort  to  obtain  physical  relaxation  over  an  extended  period,  and  to  observe 
if  such  relaxation  would  be  reflected  in  any  way  on  the  psychotic  behavior  that 
they  exhibited. 

Eleven  patients  were  used  in  this  experiment,  5  males  and  6  females.  Two 
males  and  1  female  showed  definite  stigmata  of  hypoadrenalism.  Detailed 
reports  of  their  several  physical  and  mental  conditions  are  given  in  the  case 
histories  to  follow.  Nine  of  these  patients  were  put  on  a  low  potassium  diet 
as  used  by  Ashkins  and  Zwemer  ( 5  ) ,  with  sodium  chloride  and  calcium  lactate 
in  10-grain  doses  t.i.d.  by  mouth.  The  male  patients  were  kept  in  bed  through¬ 
out  the  forenoon  and  until  1  hour  after  lunch.  They  were  given  1.0  cc.  of 
adrenal  cortex  extract  (eschatin)*  intramuscularly  into  the  deltoid  in  the 
morning. 

It  soon  became  apparent  that  this  dose  was  not  sufficient  to  maintain 
the  results  obtained,  since  the  patients  became  restless  at  night  in  contrast 
to  their  relaxed  condition  throughout  the  day.  The  duration  of  the  effect  of 
1.0  cc.  was  about  12  hours,  and  when  the  dose  was  doubled,  the  relaxation 
was  deeper  but  not  appreciably  prolonged.  Subcutaneous  injections  were  tried 
in  order  to  prolong  the  absorption  of  the  extract  and  thereby  prolong  the 
effects,  but  the  results  were  disappointing.  A  second  injection  of  0.5  cc.  was 
given  intramuscularly  in  the  afternoon.  Where  only  one  injection  was  given  in 
a  day  this  consisted  of  2.0  cc.  given  in  the  late  afternoon.  This  was  sufficient 
to  carry  the  patient  through  the  night  without  resorting  to  the  use  of  sedatives. 

Sedation  was  stopped  in  the  majority  of  these  patients  as  soon  as  they 
were  put  on  the  diet.  After  the  eschatin  was  started,  it  was  no  longer  neces¬ 
sary  to  use  sedatives  except  in  rare  instances.  When  the  patient  became  rest¬ 
less  in  the  evenings,  the  second  injection  was  increased  to  1.0  or  2.0  cc.  as 
the  occasion  demanded.  It  is  well  to  point  out  here  that  when  sedation  was 
considered  advisable  all  forms  of  bromides  were  interdicted,  since  potassium 
bromide  is  present  in  the  large  majority  of  such  sedatives.  It  is  not  reasonable 
to  give  a  low  potassium  diet  and  adrenal  cortex  extract,  and  then  to  give 
potassium  in  any  form  for  sedation.  Aside  from  the  consideration  that  seda¬ 
tives  were  practically  unnecessary,  they  were  carefully  avoided  for  another 
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reason.  Hrubetz  and  Blackberg  (6)  have  recently  pointed  out  that  the  action 
of  the  barbiturates  and  other  anesthetics  is  not  confined  solely  to  the  central 
nervous  system,  but  that  the  visceral  organs  are  also  depressed  in  function, 
especially  the  liver  in  the  mobilization  of  carbohydrate.  It  was  previously  re¬ 
ported  that  the  kidneys  showed  a  similar  depression  in  function  following 
the  administration  of  barbiturates  ( 7 ) .  There  is  a  strong  possibility  that  the 
adrenal  glands  may  be  similarly  depressed,  and  it  would  be  illogical  to  depress 
the  functions  of  these  glands  while  substitution  therapy  was  given  to  make  up 
for  an  apparent  deficit. 

The  low  potassium  diet  as  used  in  this  experiment  offers  little  choice  in 
the  variation  of  foods.  It  is  obviously  deficient  in  iron  and  vitamins.  If  it  is 
necessary  to  keep  the  patient  on  such  a  diet  for  a  fairly  long  period,  these 
deficiencies  may  be  furnished  in  the  form  of  concentrates.  However,  the  vari¬ 
ous  malt  preparations  and  those  that  contain  liver  extract  may  be  very  high 
in  potassium  content.  For  the  most  part  the  patients  made  little  or  no  com¬ 
ment  about  the  diet,  and  they  appeared  to  relish  it  more  than  the  usual  hos¬ 
pital  diet.  The  diet  which  they  received  prior  to  the  treatment  appeared  to 
be  high  in  potassium  content.  There  may  be,  then,  some  basis  in  fact  for  the 
frequent  complaint  of  the  psychotic  patient  that  his  food  had  been  'poisoned’. 

The  dose  of  sodium  chloride  and  calcium  lactate  may  be  passed  without 
comment,  since  no  evidence  of  constipation  or  other  untoward  effects  were 
observed.  It  is  not  unusual  to  give  5  times  the  amount  of  sodium  chloride  to 
patients  with  Addison’s  disease  that  was  given  to  the  patients  in  this  study. 

The  following  physiological  changes  were  observed  within  ^  hour  after 
the  injection:  a),  the  blood  pressure  dropped  an  average  of  10  mm.  of  mercury 
in  both  systole  and  diastole,  except  in  the  3  frankly  hypoadrenal  cases,  where 
it  rose  slightly;  b ),  reversal  of  the  mood  to  moderate  euphoria  and  elation; 
c),  feeling  of  drowsiness,  warmth  and  relaxation;  the  skin  became  warm 
to  the  touch,  but  the  rectal  temperatures  were  within  normal  limits;  d ),  dis¬ 
appearance  of  the  cyanosis  of  the  extremities  where  it  was  present  before  the 
injection. 

In  the  cases  described  below,  no  attempt  was  made  to  chose  those  offering 
the  best  prognosis  for  spontaneous  remissions.  In  many  instances  the  outlook 
was  extremely  poor.  Little  regard  was  paid  to  the  diagnoses  of  the  cases. 
Some  of  the  patients  used  in  this  study  were  included  because  the  relatives 
made  insistent  demands  that  some  form  of  treatment  should  be  given.  The 
only  criterion  used  by  the  author  was  whether  or  not  the  individual  patient 
might  be  benefited  by  prolonged  relaxation. 

CASE  HISTORIES 

Case  1.  M.  /.,  aged  24  years,  female,  single,  Hebrew,  was  diagnosed  as  having 
a  psychoneurosis,  anxiety  state.  The  family  history  revealed  that  a  grandfather, 
an  uncle,  and  both  parents  were  psychotic.  She  was  the  second  of  6  children,  com¬ 
pleted  high  school  at  17  years,  and  then  took  a  position  as  a  stenographer  in  a  law 
office.  After  several  weeks  at  this  position  she  complained  of  being  overworked.  A 
change  in  her  personality  was  noted ;  she  became  fearful,  depressed,  and  obsessed. 
For  6  years  she  became  increasingly  worse.  She  was  sent  to  a  psychiatric  hospital. 
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where  she  received  some  48  treatments  of  insulin  shock  therapy,  but  made  no 
improvement. 

She  was  admitted  to  this  hospital  on  Aug.  9,  1937.  Physical  examination  revealed 
a  short,  thick-set  female  with  masculine  distribution  of  hair.  She  was  depressed, 
anxious,  and  expressed  numerous  death  wishes.  Hydrotherapy  was  tried,  but  she 
made  numerous  attempts  to  drown  herself  in  the  tub.  Sedation  was  necessary  in 
order  to  try  to  get  her  to  sleep,  but  large  doses  failed  to  accomplish  this  purpose. 
She  developed  a  fairly  severe  bromide  eruption  which  required  incision  and  drainage 
for  localized  furuncles. 

On  Sept.  23,  1937  she  was  started  on  adrenal  cortex  therapy.  For  a  period  of 
10  days  she  continued  to  be  fearful  and  restless  at  night.  Two  weeks  after  the 
treatment  was  started  she  began  to  show  some  improvement  in  her  sleeping,  the 
first  time  since  her  admission  that  she  slept  without  the  aid  of  sedatives.  She  then 
began  to  feel  somewhat  drowsy  during  the  day,  and  frequently  slept  an  hour  or 
two  in  the  afternoon.  At  the  end  of  the  month  she  smiled  in  a  normal  and  spon¬ 
taneous  nunner.  Her  depression  gradually  diminished;  she  became  industrious, 
spontaneous,  and  cheerful. 

At  the  end  of  November  when  her  treatment  was  stopped,  her  condition  was  in 
marked  contrast  to  that  upon  admission.  She  was  alert,  composed,  and  with  little 
evidence  of  her  previous,  agitated  condition.  For  the  next  few  months  she  occa¬ 
sionally  spoke  of  mildly  obsessive  ideas,  but  these  gradually  disappeared  until  now 
she  is  entirely  free  of  them.  At  the  present  time  she  appears  to  have  made  a  good 
remission. 

Case  2.  F.  B.,  aged  27  years,  female,  single,  Hebrew,  was  diagnosed  as  having 
dementia  praecox.  She  attended  school  until  she  graduated  from  college  at  21  years. 
She  was  employed  for  a  short  time  as  a  substitute  teacher,  but  later  found  em¬ 
ployment  in  a  law  office.  At  22  years  of  age  she  developed  excessive  hair  growth  on 
her  face.  At  23  years  of  age  she  began  to  show  personality  changes,  becoming 
irritable  and  suspicious.  From  July,  1934  until  she  was  admitted  to  this  hospital, 
on  July  30,  1937,  this  patient  was  in  some  7  psychiatric  hospitals.  During  that  period 
she  was  hallucinated,  deluded,  assaultive,  silly,  noisy,  untidy,  and  required  frequent 
tube  feedings.  Upon  three  occasions  she  underwent  insulin  shock  therapy  under 
3  different  therapists.  Each  time  the  treatment  was  stopped  because  the  patient  went 
into  cardio-vascular  collapse  with  transitory  Central  Nervous  System  manifestations. 
The  diagnosis  of  dementia  praecox  was  given  in  each  instance. 

Physical  examination  at  this  hospital  revealed  excessive  facial  hair  with  very 
dark  integument.  There  was  a  systolic  murmur  over  the  apex  which  was  not  trans¬ 
mitted.  The  blood  pressure  was  90/60.  Her  general  physical  condition  was  strongly 
suggestive  of  hypoadrenalism.  She  was  resistive,  mute,  and  inaccessible.  She  occa¬ 
sionally  muttered  under  her  breath,  and  frequently  showed  peculiar  postures  and 
mannerisms,  laughing  and  grinning  in  a  silly  manner.  She  was  explosively  assaultive. 

On  Sept.  23,  1937  she  was  started  on  adrenal  cortex  therapy  with  a  low  potassium 
diet  and  added  sodium  chloride  and  calcium  lactate.  Following  the  injection  of 
eschatin  the  blood  pressure  rose  from  90/60  to  104/70  with  a  rise  in  the  pulse 
rate  of  about  10  beats  per  minute.  That  evening  the  patient  had  a  profuse  bowel 
movement  without  the  aid  of  catharsis.  At  the  end  of  the  first  week  the  nurses 
reported  that  the  patient  occasionally  spoke  to  them.  At  the  end  of  2  weeks  she 
appeared  to  be  much  brighter  and  more  cooperative  that  she  had  ever  been  during 
her  long  illness.  She  was  more  alert  and  slept  better  at  night.  At  the  end  of  the 
month  she  suddenly  commented  upon  the  political  situation.  She  became  pleasant 
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in  her  behavior,  and  exhibited  considerable  interest  in  her  surroundings.  She  re¬ 
sponded  readily  to  questions  put  to  her  by  her  physicians.  For  1  week  she  received 
no  injections,  but  continued  to  improve.  She  stated  that  she  realized  that  she  had 
been  ill,  that  she  was  much  better,  but  that  she  had  not  entirely  recovered.  She  no 
longer  appeared  the  dilapidated  and  deteriorated  individual  she  was  upon  admission. 

Her  good  behavior  continued  for  about  3  weeks,  and  then  she  suddenly  had 
a  relapse,  becoming  assaultive  to  her  nurses  and  to  herself.  The  injections  were 
increased  from  1  to  2  a  day,  with  the  last  dose  increased  to  2.0  cc.  By  the  end  of 
the  4th  day  she  again  became  more  quiet  and  cooperative.  However,  she  continued 
to  be  dull,  seclusive,  and  difficult  to  contact.  At  this  time  crystalline  vitamin  C  in 
the  form  of  cebione  (Merck  &  Co.)  50  mg.  b.i.d.  was  added.  At  the  end  of  the 
5th  month  of  her  treatment  she  had  become  a  model  patient  in  her  behavior  on 
the  ward.  Her  facial  expression  was  much  brighter,  there  was  a  startling  change  in 
her  personality,  she  was  no  longer  repulsive  and  deteriorated,  but  had  animation 
and  character. 

For  approximately  6  weeks  she  was  in  good  condition,  and  then  suddenly  had 
a  relapse,  becoming  hallucinated  and  silly  once  more.  It  was  observed  that,  during 
her  relapses,  she  was  no  longer  assaultive,  that  the  periods  of  relapse  were  shorter, 
and  that  the  periods  of  remission  were  longer  as  the  treatment  progressed.  An  ex¬ 
planation  of  the  causes  of  her  relapses  was  sought,  and  this  proved  to  be  extremely 
simple.  Every  relapse  was  ushered  in  by  catamenia. 

The  physiological  process  of  menstruation  is  occasionally  a  severe  physical 
strain  to  many  normal  women  who  experience  some  degree  of  prostration  at 
that  time.  It  would  appear,  then,  that  in  this  patient  menstruation  is  a 
physical  hardship  of  sufficient  moment  to  be  reflected  in  her  mental  condition. 
She  shows  strongly  suggestive  evidence  of  hypoadrenalism,  and  obviously 
requires  a  minimum  of  2.0  cc.  of  adrenal  cortex  extract  daily.  Without  it 
she  reverts  to  her  former  deteriorated  condition  in  a  very  short  time. 

Case  3.  E.  G.,  aged  17  years,  single,  male,  Slavonic,  was  diagnosed  as  a  dementia 
praecox,  catatonic.  He  finished  li/^  years  of  high  school  at  16  years.  He  was  inter¬ 
ested  in  all  sports,  showed  little  interest  in  the  opposite  sex,  and  was  always  some¬ 
what  moody  and  depressed  without  obvious  cause.  After  he  left  school,  he  obtained 
employment  in  a  drug  store  as  a  messenger  boy,  where  he  worked  from  noon  to 
midnight.  He  frequently  came  home  so  tired  that  he  was  unable  to  sleep.  He  began 
to  lose  weight  and  became  depressed.  For  about  a  year  he  spoke  of  suicidal  wishes. 
About  1  month  before  his  admission  he  complained  to  his  brother  that  certain 
people  were  trying  to  persecute  him.  One  day  his  mother  was  taken  to  a  hospital 
for  an  operation.  Three  days  later  the  son  drank  lysol.  He  was  admitted  to  this 
hospital  on  August  27,  1937. 

Physical  examination  revealed  a  17-year-old  white  male  of  feminine  habitus. 
He  spent  the  greater  part  of  the  day  staring  into  space  in  a  sullen  manner.  He  was 
tense,  apprehensive,  suspicious,  and  had  hallucinations  of  12  days’  duration.  There 
were  ideas  of  reference,  and  delusions  of  persecution.  For  2  weeks  before  he  was 
started  on  treatment  he  continued  to  hallucinate,  but  refused  to  divulge  the  context 
of  the  voices.  He  was  dull  and  difficult  to  contact. 

On  September  17,  1937  he  was  started  on  a  low  potassium  diet  with  sodium 
chloride  and  calcium  lactate.  Three  days  later  he  was  started  on  eschatin.  The  patient 
stated  that  in  the  interim  his  voices  had  stopped,  but  he  continued  to  be  dull  and 
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out  of  contact.  Five  minutes  after  the  injection  of  the  extract  the  blood  pressure  and 
pulse  dropped  10  points  despite  the  fact  that  the  patient  was  somewhat  apprehensive 
about  the  needle.  With  each  injection  the  patient  said  that  he  experienced  a  feeling 
of  warmth.  His  fingers  were  no  longer  cyanotic,  and  the  skin  was  warm  to  the 
touch.  He  spoke  of  a  peculiar  sensation  of  pins  and  needles  in  his  legs. 

At  the  end  of  1  week  the  patient  smiled  in  a  natural  manner,  and  appeared 
to  be  more  spontaneous.  Improvement  continued  the  following  week.  He  was 
questioned  at  this  time  concerning  his  illness.  He  explained  that  when  he  was  ill, 
he  felt  'all  tired  out.’  He  remembered  that  he  did  not  talk  very  much  when  he 
entered  the  hospital,  explaining  that  he  was  very  tired.  His  sensations  following 
the  injections  of  the  extract  were,  a),  relaxation  and  relief  from  the  tired  feeling 
and  tenseness;  b),  sensation  of  warmth  in  the  extremities,  which  were  formerly 
cold,  c),  disappearance  of  the  voices;  d),  relief  from  the  tired  feeling. 

In  October  the  patient  stated  that  he  did  not  have  the  reactions  to  the  injections 
which  he  had  early  in  the  treatment.  The  treatment  was  then  stopped.  He  main¬ 
tained  the  improvement  which  he  had  made,  but  for  the  next  few  months  was  in¬ 
clined  to  be  somewhat  shy,  with  a  certain  degree  of  reserve.  It  must  be  pointed  out 
here  that  this  patient  was  much  younger  than  his  fellow-patients.  Then,  too,  he  was 
characterized  by  his  familiars  as  being  somewhat  depressed  without  obvious  cause. 
He  assumed  a  position  of  responsibility  on  the  ward,  and  continued  to  improve.  He 
was  paroled  in  April  of  1938  as  'much  improved’. 

Case  4.  G.  S.,  aged  39  years,  male,  single,  Hebrew,  was  diagnosed  as  a  de¬ 
mentia  praecox,  hebephrenia.  At  19  years  he  finished  1  year  of  college,  when  his 
education  was  interrupted  by  army  enlistment.  Upon  his  discharge  he  became  a 
solicitor  for  magazines.  He  was  a  great  reader,  an  abstainer  from  alcohol,  and  had 
little  interest  in  the  opposite  sex.  His  father  had  died  1  year  before  his  admission, 
and  at  that  time  he  had  suffered  from  a  severe  sinus  infection  with  laryngitis, 
aphonia,  anosmia,  and  insomnia.  He  was  weak,  tired,  and  worn  out,  but  resumed 
his  occupation  before  he  had  fully  recuperated  because  of  his  straitened  economic 
condition.  He  soon  learned  that  his  former  occupation  became  increasingly  difficult. 
Pressure  symptoms  developed  in  the  epigastrium,  head,  and  heart.  He  became  intro¬ 
spective  and  nervous  in  the  presence  of  people.  A  physician  prescribed  some  bel¬ 
ladonna,  of  which  he  took  an  overdose. 

On  August  11,  1937  he  was  admitted  to  this  hospital.  The  physical  findings 
were  essentially  normal.  He  was  anxious,  tense,  lachrymose,  and  emotionally  labile. 
There  were  paresthesias  across  the  back  and  shoulders.  His  condition  showed  no 
change  until  Sept.  15,  1937,  when  he  was  started  on  adrenal  cortex  therapy  with 
a  low  potassium  diet  and  added  sodium  chloride  and  calcium  lactate.  His  blood 
pressure  on  several  occasions  showed  a  consistent  drop  in  both  systole  and  diastole 
of  approximately  6  mm.  of  mercury  after  the  injections  of  the  extract.  With  the 
first  injection  he  showed  a  sudden  reversal  of  mood,  becoming  happy  and  sociable. 
He  frequently  stated  that  the  injections  gave  him  a  feeling  of  relief  from  his  tense¬ 
ness,  and  that  he  felt  much  lighter. 

Ten  days  after  the  treatment  was  started  he  began  to  voice  ideas  of  reference 
concerning  the  hospital  environment.  He  insisted  upon  going  home,  because  he 
believed  that  everything  that  was  done  for  him  or  to  him  were  attempts  to  mark 
him  in  contrast  to  the  other  patients.  He  became  rebellious  to  the  treatment,  re¬ 
quired  constant  assurance,  and  demanded  the  same  explanations  of  the  treatment 
every  time  that  he  saw  the  physician.  He  developed  an  intense  dislike  towards  the 
injections,  despite  the  fact  that  while  he  was  under  the  influence  of  the  extract  his 
whole  mood  was  more  normal  than  before.  He  would  complain  of  his  inability  to 
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concentrate,  voiced  sincere  desires  to  regain  his  health  and  promised  to  follow  out 
the  wishes  of  the  experimenter,  but  in  the  space  of  a  very  few  minutes  he  would 
become  demanding,  irritable,  and  headstrong.  In  view  of  his  growing  restlessness 
and  uncooperation,  it  was  not  considered  advisable  to  continue  further  treatment 
and  3  weeks  after  its  inception  the  treatment  was  discontinued.  Upon  his  admis¬ 
sion,  his  was  believed  to  be  a  case  of  psychoneu.osis  with  neurasthenia,  but  because 
of  his  subsequent  silly  behavior  and  ideas  of  reference  the  diagnosis  was  changed 
to  dementia  praecox,  hebephrenia.  He  has  since  been  discharged  from  the  hospital, 
with  his  condition  improved. 

Case  3.  P.  S.,  aged  41  years,  male,  married,  of  Italian  extraction,  was  diagnosed 
as  having  Addison’s  disease.  He  finished  the  7th  grade  of  public  school  at  14  years. 
His  occupation  was  that  of  unskilled  laborer.  He  married  at  26  years,  and  there 
were  two  daughters  of  this  union.  Some  9  years  before  his  admission,  he  developed 
a  polyarthritis  of  the  various  joints  of  his  body.  In  1936  he  developed  a  purulent 
infection  of  both  maxillary  sinuses.  For  2  years  he  was  unable  to  work  because 
of  weakness  and  became  invalided  in  contrast  to  his  previous  activity  and  lively 
interest  in  life.  He  made  numerous  efforts  to  be  hospitalized  for  his  physical  com¬ 
plaints,  but  it  was  felt  by  various  physicians  that  he  was  exaggerating  his  complaints 
in  order  to  escape  his  responsibilities  at  home.  Attempts  were  made  to  engage 
him  in  occupational  therapy,  but  the  patient  insisted  that  he  did  not  have  sufficient 
energy  to  engage  in  such  activities.  It  was  then  suggested  that  he  consult  with  a 
psychiatrist,  since  it  was  felt  that  his  troubles  were  'largely  mental’. 

When  admitted  to  this  hospital,  Aug.  6,  1937,  he  was  underweight,  the  skin 
was  loose,  dry,  and  sallow  with  some  suggestion  of  a  subicteric  tint.  The  icteric 
index  was  7.8.  His  blood  pressure  was  90/72.  The  blood  picture  was  essentially 
normal.  Stool  examinations  revealed  no  pathogenic  enteritic  organisms.  He  com¬ 
plained  of  numerous  pains  and  the  smell  of  burning  rubber  in  his  stomach. 

On  Sept.  1,  1937  he  was  started  on  a  low  potassium  diet.  Much  improvement 
was  noted  in  his  mental  condition.  Two  weeks  later  he  was  started  on  eschatin.  He 
said  that  the  odors  disappeared  from  his  stomach  and  head,  and  that  the  pains  of 
his  body  were  lessened.  On  the  whole  he  was  more  at  ease.  With  subsequent  injec¬ 
tions  the  patient  became  moderately  euphoric.  He  reported  that  his  bowel  move¬ 
ments  had  become  more  nearly  normal  than  they  had  been  since  his  illness.  He  had 
frequent  recurrences  of  his  sinus  condition,  and  each  time  this  was  reflected  in  a 
relapse  to  his  former  mental  condition.  While  the  sinus  infection  was  under  control 
and  he  received  daily  injections  of  eschatin,  he  was  comfortable  and  had  few  com¬ 
plaints.  When  the  extract  was  discontinued,  he  reverted  to  his  former  whining  and 
lachrymosity. 

It  is  obvious  that  this  patient  presents  a  case  of  Addison’s  disease,  of 
which  he  shows  the  essential  features.  He  requires  daily  injections  of  the 
extract  much  in  the  same  way  as  the  diabetic  requires  his  insulin.  We  know 
that  intercurrent  infections  necessitate  larger  doses  of  insulin  in  the  diabetic, 
and  the  same  appears  to  be  true  in  the  demands  of  the  Addisonian  patient  for 
cortical  extract.  It  has  been  similarly  shown  that  these  patients  are  also  prone 
to  infections  as  are  adrenalectomized  animals  more  susceptible  to  intercurrent 
diseases  than  the  normal  animal. 

Case  6.  F.  S.,  aged  21  years,  male,  single,  an  only  child,  German,  was  diag¬ 
nosed  as  a  dementia  praecox  paranoid.  He  attended  one  year  of  high  school,  mi¬ 
grated  to  the  United  States,  and  subsequently  became  naturalized.  He  worked  for 
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a  short  time  in  an  auto  repair  shop  but  his  services  were  unsatisfactory.  His  parents 
said  that  he  was  always  shy,  bashful,  and  seclusive.  He  spent  most  of  his  time 
at  home  looking  in  the  mirror.  For  3  years  he  did  not  work.  He  complained  of 
headache  and  insomnia,  and  it  was  learned  at  a  clinic  which  he  attended  that  he 
was  suffering  from  a  chronic  sinusitis.  For  2  years  he  worried  constantly  over  his 
physical  condition,  had  ideas  of  reference,  and  said  that  he  was  going  to  die. 

On  June  25,  1937  he  was  admitted  to  this  hospital.  Because  of  marked  baldness 
he  appeared  to  be  about  five  years  older  than  his  stated  age.  He  was  preoccupied, 
manneristic,  and  hallucinated.  He  was  tense,  apprehensive,  and  fearful  in  response 
to  his  sense  deceptions.  Many  of  his  productions  were  totally  irrelevant  and  discon¬ 
nected.  He  stated  that  for  the  past  10  years  he  heard  voices  which  threatened  him 
with  death. 

On  Sept.  17,  1937  he  was  started  on  adrenal  cortex  therapy  with  a  low  potas¬ 
sium  diet  and  added  sodium  chloride  and  calcium  lactate.  After  each  injection  he 
said  that  he  felt  warm  and  relaxed,  and  that  he  wanted  to  sleep.  He  said  that  the 
voices  were  lessened  in  intensity,  and  that  the  obsessive  thoughts  had  diminished. 
After  several  weeks’  treatment  his  familiars  noticed  an  improvement  in  his  con¬ 
dition.  Despite  this,  the  patient  was  difficult  to  treat  because  he  would  hide  under 
the  bedclothes  whenever  he  saw  the  physician.  It  was  felt  that  he  was  not  making 
any  marked  improvement,  and  treatment  was  discontinued  on  October  7th. 

Because  of  the  duration  of  his  mental  symptoms  it  was  obvious  that  no  startling 
changes  were  to  be  expected.  In  his  somatic  complaints  there  was  subjective  im¬ 
provement.  In  his  physiological  responses  he  showed  the  same  features  which  were 
common  to  the  other  patients.  At  the  present  time  he  is  overtly  homosexual. 

Case  7.  7.  Al.,  aged  42  years,  female,  English,  married,  was  diagnosed  as  a 
manic  depressive;  manic.  She  had  two  sons,  was  very  religious,  and  an  energetic 
housekeeper.  In  1933  she  began  to  complain  of  headaches  and  di22y  spells.  For  2 
years  her  headaches  became  worse,  and  she  showed  a  change  in  her  personality.  A 
physician  prescribed  bromides.  She  finished  5  bottles  in  one  week  and  demanded 
more.  She  became  restless  and  overactive. 

She  was  admitted  on  Dec.  29,  1935.  Several  days  later  she  developed  lobar  pneu¬ 
monia,  but  made  an  uneventful  recovery  with  much  improvement  in  her  mental 
condition.  She  was  paroled  in  February  of  1936  as  recovered  from  a  bromide 
delirium.  For  3  months  she  got  along  fairly  well,  but  was  returned  to  the  hospital 
because  she  suddenly  became  excited  and  destructive.  In  June  of  1937  she  was  again 
paroled.  Two  months  later  she  was  again  returned  because  of  a  recurrence  of  her 
symptoms.  She  was  boisterous,  abusive,  assaultive,  and  required  to  be  tube-fed. 
She  went  for  weeks  without  sleeping. 

It  was  decided  to  try  to  produce  relaxation  in  this  patient  by  using  eschatin 
alone,  without  the  low  potassium  diet  or  the  sodium  chloride  and  calcium  lactate. 
On  Nov.  7,  1937  she  was  given  2  injections  of  1.0  cc.  each,  and  this  plan  was  fol¬ 
lowed  for  several  weeks.  On  the  3rd  day  she  spoke  in  a  relevant  and  coherent  man¬ 
ner.  That  evening  she  slept  for  the  first  time  since  she  was  returned  from  parole. 
The  next  few  days  she  was  quiet  during  the  day  and  no  longer  in  restraint.  After 
the  5th  day  the  injections  were  withheld.  This  was  followed  by  a  reversal  to  her 
former  overactive  and  agitated  condition. 

With  each  injection  that  she  received  subsequently  she  was  observed  to  be 
quiet  and  relaxed.  Whenever  she  received  an  injection  in  the  late  afternoon  she 
would  sleep  the  greater  part  of  the  night.  But  in  this  case  there  was  not  the  steady 
improvement  that  had  been  observed  in  some  of  the  previous  cases.  She  responded 
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to  the  injections  of  the  extract,  but  it  soon  became  apparent  that  the  effects  were 
fleeting  because  of  the  recurrence  of  her  overactivity  as  the  effects  gradually  wore 
off.  Her  maniacal  conduct  changed  in  the  space  of  5  minutes  to  lucidity  and  calm 
after  the  injection.  There  is  little  doubt  that  the  extract  had  a  beneficial  effect  on 
this  patient,  because  invariably  she  would  relax  completely  and  express  a  desire  to 
remain  where  she  was  and  to  go  to  sleep.  In  the  opinion  of  the  author  this  case 
demonstrates  the  necessity  for  the  low  potassium  diet  and  the  added  salts  in  order 
to  stabilize  the  patient’s  metabolism. 

Case  8.  R.  D.,  aged  24  years,  was  a  single,  male,  Slavonic.  He  reached  the  7th 
grade  at  15  years.  Because  of  economic  conditions  he  was  unable  to  obtain  employ¬ 
ment  for  2  years  before  his  admission.  This  appeared  to  worry  him,  and  the  climax 
came  when  he  failed  to  pass  a  Civil  Service  examination.  For  1  year  he  remained 
about  the  house,  and  for  several  weeks  before  his  admission  he  complained  of  se¬ 
vere  headaches.  He  became  depressed  and  had  ideas  of  unreality.  One  day  he 
assaulted  his  mother  and  his  nephew. 

On  Oct.  5,  1936  he  was  admitted  to  this  hospital.  He  was  dull,  sluggish,  and 
isolated.  His  trend  revealed  various  somatic  complaints,  and  a  feeling  that  things 
had  been  different  for  about  6  months’  duration.  He  denied  having  auditory  hallu¬ 
cinations.  He  made  little  improvement  mentally,  but  because  of  demands  for  his 
release  he  was  paroled  the  following  February.  Six  weeks  later  he  was  returned 
to  the  hospital  because  of  his  refusal  to  eat  or  to  get  out  of  bed.  He  was  severely 
dehydrated. 

On  March  8,  1937  insulin  shock  therapy  was  begun.  He  had  40  injections 
ranging  from  10  u  to  220  u.  He  had  only  two  deep  comas  with  areflexia  and  1 
convulsion.  He  was  put  in  the  4th  phase  of  insulin  treatment  with  50  u,  which 
was  gradually  diminished  to  10  u.  He  appeared  to  show  some  improvement  fol¬ 
lowing  this  treatment  and  became  more  spontaneous,  pleasant,  and  agreeable.  This 
improvement  lasted  about  4  days,  when  he  became  sluggish  and  gradually  lost  in¬ 
terest  in  his  environment.  Insulin  shock  therapy  was  repeated.  He  was  given  another 
32  injections  ranging  from  30  u  to  110  u.  'The  hypoglycemic  states  were  about 
4  hours’  in  duration,  and  deep  comatose  states  were  interrupted  because  of  respira¬ 
tory  difficulties. 

Following  the  insulin  treatment  the  patient  went  into  a  catatonic  state,  and  re¬ 
quired  tube-feedings  twice  daily  for  the  next  6  months.  He  was  mute,  inaccessible, 
and  frequently  wet  and  soiled.  At  night  he  would  occasionally  scream  out  for  no 
apparent  reason.  His  extremities  became  progressively  more  spastic.  On  Dec.  2, 
1937  he  suddenly  developed  a  temperature  of  104°.  'There  were  signs  in  the  right 
lower  chest  posteriorly  which  indicated  lobar  pneumonia.  His  physical  condition 
was  critical.  Cyanosis  was  present,  and  the  blood  pressure  was  66/40.  Fluid  ob¬ 
tained  directly  by  lung  puncture  revealed  a  type  21  pneumococcus.  The  r.b.c.  was 
3,200,000;  w.b.c.  4,900,  p.m.n.  51,  lymphocytes  43,  and  mononuclears  6.  'The 
w.b.c.  continued  at  about  5,000  per  cu.  mm.  for  approximately  11  days,  when  it 
was  recorded  as  9,400.  The  2nd  day  of  his  pneumonia  the  temperature  went  to 
106.6°  with  a  pulse  of  140  which  was  barely  perceptible.  Because  of  the  low  blood 
pressure  it  was  decided  to  give  the  patient  adrenal  cortex  extract.  He  received  5.0 
cc.  of  eschatin  intramuscularly  and  1.0  cc.  every  6  hours.  The  following  day  the 
blood  pressure  went  to  100/74.  The  temperature  curve  was  septic  in  character, 
but  gradually  fell  by  lysis.  There  was  a  recurrence  of  temperature  to  102.6°  on  the 
17th  day  of  his  illness,  but  he  did  not  develop  any  complications. 

It  was  observed  that  while  the  patient  was  receiving  the  adrenal  cortex  extract 
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he  became  spontaneous,  took  his  meals  without  urging,  and  began  to  talk.  His 
extremities  became  more  relaxed,  and  he  did  not  show  the  rigidity  which  was  present 
in  his  catatonic  state.  He  appeared  to  be  more  alert  and  in  good  contact  with  his 
environment,  frequently  entering  into  spontaneous  conversation.  The  physical  con¬ 
dition  subsided,  and  the  patient  began  to  walk  about  the  ward  in  a  normal  manner. 
Inasmuch  as  the  last  of  the  eschatin,  purchased  for  experimental  purposes,  was  used 
on  this  patient,  the  relatives  were  advised  to  obtain  some  of  the  extract  in  order  to 
continue  the  treatment.  This  they  refused  to  do,  because  they  felt  that  all  such  ex¬ 
pense  should  be  borne  by  the  State.  One  week  after  the  patient  had  received  his 
last  dose  of  eschatin  he  gradually  began  to  slow  up.  His  musculature  became  progres¬ 
sively  stiffer,  his  speech  less  frequent,  and  his  interest  began  to  wane  until  he  be¬ 
came  mute  and  catatonic,  reverting  to  the  same  state  that  he  was  in  before  his 
pneumonitis. 

Although  this  is  not  the  place  to  offer  any  post  hoc  arguments  concerning 
the  cause  of  the  low  blood  pressure  following  insulin  shock  therapy,  it  may  not 
be  amiss  to  point  out  that  this  is  a  complication  which  may  become  more 
frequent  with  the  passage  of  time  and  the  use  of  such  therapy  on  a  larger 
number  of  patients.  If  we  may  assume  that  the  hypoglycemia,  or  the  insulin 
used  in  producing  this  state,  may  stimulate  the  adrenal  gland  to  activity  then  we 
must  admit  that,  in  those  cases  where  the  adrenal  gland  is  unable  to  meet 
the  excessive  demands  put  upon  it,  the  gland  will  atrophy.  Stimulation  of  a 
gland  will  cause  hyperplasia  and  hypertrophy  if  that  organ  has  the  potentiali¬ 
ties  for  hyperplasia  and  hypertrophy,  otherwise  the  only  alternative  for  that 
gland  is  atrophy. 

The  giving  of  large  doses  of  insulin  is  not  without  danger  from  other 
viewpoints.  L.  B.  Dotti  (8)  has  shown  that  rabbits  become  extremely  sus¬ 
ceptible  to  bacterial  infections  which  are  unusual  for  that  animal  after  it 
has  received  a  shcKking  dose  of  insulin  only  once  a  week  for  a  short  period. 
There  appears  to  be  a  disturbance  in  the  immunity  of  the  animal,  since  these 
infections  were  quite  varied  and  generalized.  Sevringhaus  (9)  discussed  the 
syndrome  of  hyperinsulinism  and  enumerated  the  following  features:  rest¬ 
lessness,  coma,  loss  of  inhibition,  emotional  disturbances,  hallucinations, 
amnesia,  aphasia,  confusional  states,  catatonia,  and  negativism.  Miller  (10) 
discussed  a  diabetic  patient  who  showed  amnesia,  epileptiform  convulsions, 
and  hemiparesis  apparently  due  to  chronic  insulin  dosage. 

In  the  above  case,  the  response  to  eschatin  and  the  reversal  to  the  original 
condition  following  its  withdrawal  appears  to  be  a  fairly  well  controlled  ex¬ 
periment  which  indicates  the  physiological  responses  to  the  extract.  It  would 
seem  to  indicate  that  in  this  case  there  was  some  connection  between  his  physi¬ 
cal  and  his  mental  condition. 

Case  9.  M.  B.,  aged  48  years,  female,  Hebrew,  was  a  native  of  Warsaw,  Poland. 
She  had  a  common  school  education,  and  then  learned  the  trade  of  milliner.  At 
28  years  of  age  she  married  a  German  war  prisoner.  There  were  no  pregnancies 
of  this  union.  In  1923  the  couple  migrated  to  the  U.  S.,  where  she  obtained  em¬ 
ployment  at  her  trade.  Her  temperament  was  characterized  by  her  husband  as  being 
'like  iron  and  steel’.  Upon  her  arrival  to  this  country  she  became  more  quiet  and 
shut-in.  She  was  employed  until  5  years  ago,  when  her  husband  insisted  that  she 
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should  retire  and  enjoy  a  life  of  ease.  Soon  afterwards  she  became  hypochondriacal 
and  extremely  solicitous  for  the  welfare  of  her  husband.  She  complained  of  vague 
stomach  pains,  and  visited  numerous  physicians,  with  little  relief.  She  tried  to  avoid 
meeting  people  because  of  feelings  of  inferiority,  and  because  excitement  caused 
pains  in  her  chest.  In  the  past  year  she  entered  the  menopause,  and  then  became 
increasingly  nervous.  For  some  5  weeks  before  her  admission  she  ate  and  slept  very 
poorly. 

She  was  admitted  to  this  hospital  on  Dec.  1,  1937.  Physical  examination  re¬ 
vealed  a  small  female  of  89  lb.  The  blood  pressure  was  160/82,  and  there  was 
moderate  arteriosclerosis  of  the  retinal  vessels.  During  the  initial  mental  examina¬ 
tion  she  was  mute,  depressed,  self-centered,  inaccessible,  and  given  to  exaggerated 
moaning  and  shaking.  She  was  tense,  constrained,  and  constantly  fidgeted  with  her 
hands.  She  was  stubbornly  resistive  to  all  nursing  procedures,  and  exhibited  an  in¬ 
tense  dread.  For  1  week  it  was  impossible  to  contact  her ;  she  was  depressed,  tearful, 
whining,  and  spent  the  greater  part  of  the  time  rocking  back  and  forth.  She  slept 
poorly  and  required  daily  sedation.  The  urine  showed  sugar  present  from  traces  to 
2-f .  She  was  put  on  a  diabetic  diet  with  insulin  5  u  t.i.d.  The  glucose  tolerance 
test  indicated  not  diabetes  mellitus  but  rather  a  renal  diabetes.  Despite  the  small 
doses  of  insulin  her  appetite  failed  to  improve. 

On  Jan.  3,  1938  the  patient  was  started  on  eschatin  therapy  with  a  low  potas¬ 
sium  diet  and  added  sodium  chloride  and  calcium  lactate.  According  to  the  nurses’ 
notes  there  was  a  marked  improvement  in  her  appetite.  From  the  first  injection  of 
the  extract  the  patient  slept  well  throughout  the  night  without  the  use  of  sedatives. 
She  gradually  became  calmer  during  the  first  week  and  was  no  longer  observed 
wringing  her  hands  in  despair.  She  became  more  cooperative,  no  longer  went 
about  the  ward  complaining,  and  voluntarily  said  that  she  felt  much  better.  She 
would  wait  for  the  experimenter  at  the  door  every  afternoon  and  follow  him  to  the 
treatment  room  for  her  injection.  She  continues,  however,  to  be  aloof  and  isolated 
on  the  ward,  but  it  must  be  pointed  out  that  she  has  been  this  way  ever  since  she 
came  to  this  country  some  15  years  ago.  There  are  many  features  of  her  behavior 
suggesting  that  she  has  been  mentally  unwell  for  many  years.  Her  present  episode 
is  considered  to  be  that  of  involutional  melancholia.  How  much  improvement  may 
be  expected  in  view  of  her  history  is  entirely  problematical,  but  a  conservative  view¬ 
point  would  hardly  admit  of  much  optimism  as  to  the  prognosis  of  this  case. 

Case  10.  B.  G.,  aged  35  years,  single,  female,  Hebrew,  was  diagnosed  as  a  mixed 
manic  depressive.  She  finished  high  school  at  17  years,  and  subsequently  took  eve¬ 
ning  courses  for  several  years.  Her  occupation  was  that  of  a  writer  for  encyclopediae. 
In  August  of  1937  she  went  to  England  for  the  purpose  of  becoming  married, 
but  she  found  that  her  prospective  husband  was  living  with  another  woman.  She 
became  depressed,  and  roamed  about  the  streets  of  London  until  she  was  sent  to  a 
hospital  by  the  police.  She  was  returned  to  this  country  and  sent  to  a  private  hos¬ 
pital.  She  complained  of  pain  in  the  head,  talked  incessantly,  and  was  depressed 
and  agitated.  On  one  occasion  she  attempted  to  puncture  her  throat  with  a  knitting- 
needle. 

On  Dec.  2,  1937  she  was  admitted  to  this  hospital  by  transfer.  Physical  examina¬ 
tion  revealed  a  small,  undernourished  female.  She  was  fretful,  tense,  and  extremely 
uncooperative,  protesting  continually.  She  deliberately  gave  erroneous  answers  to 
specific  questions.  No  sense  deceptions  or  trends  could  be  elicited.  She  protested 
against  any  manipulation  or  nursing  care.  She  strived  to  convince  the  physicians 
and  nurses  that  the  nerves  in  her  head  had  been  torn  by  her  own  free  will  and 
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wilful  thoughts.  In  the  Art  Class  she  rolled  a  needle  in  a  piece  of  yarn  and  tried 
to  stuff  it  down  her  throat  while  she  wound  a  strand  of  spool-knitting  about  her 
neck.  Her  over-activity  necessitated  the  use  of  continuous  hydrotherapy.  While  in 
the  tubs  she  recjuired  constant  supervision  because  of  the  many  attempts  she  made 
to  drown  herself.  She  tried  many  subterfuges  to  avoid  this  type  of  therapy,  w'hich 
she  termed  as  torture.  All  of  the  time  she  slept  poorly,  and  was  noted  to  be  rest¬ 
less  at  night  with  a  tendency  to  wander  up  and  down  the  ward  and  to  engage  in 
long  drawn-out  arguments  with  the  nurses  when  they  tried  to  persuade  her  to  re¬ 
main  in  bed. 

On  Jan.  17,  1938  she  was  started  on  adrenal  cortex  extract  therapy  with  a  low 
potassium  diet  and  added  sodium  chloride  and  calcium  lactate.  From  the  time  of 
the  first  injection  the  patient  slept  throughout  the  night.  This  was  a  marked  change 
in  her  sleeping  habits.  It  was  no  longer  necessary  to  use  sedatives  or  hydrotherapy. 
At  the  end  of  10  days  she  had  quieted  down  to  the  point  where  it  was  no  longer 
necessary  to  keep  her  on  the  disturbed  ward.  She  took  part  in  folk-dancing,  basket¬ 
ball,  and  other  activities.  Despite  this  the  patient  complained  that  the  new  medica¬ 
tion  was  ruining  her  brain  and  her  eye-sight.  She  refused  to  admit  that  she  had 
made  improvement.  Her  antipathy  to  the  treatment  became  so  marked  that  she 
would  become  tearful  whenever  she  saw  the  experimenter.  With  each  injection 
she  would  indulge  in  a  long  tirade  of  how  this  treatment  was  tearing  the  nerve 
cells  of  her  brain.  She  demanded  the  same  explanation  every  time  she  was  given  an 
injection.  She  employed  every  subterfuge  at  her  command  in  order  to  absent  her¬ 
self  from  the  ward  at  the  time  the  injection  was  to  be  given.  In  view  of  her  in¬ 
creasing  antagonism  to  the  treatment  and  to  the  experimenter  it  was  not  felt  ad¬ 
visable  to  continue  the  treatment,  and  on  March  10,  1938  it  was  discontinued. 

There  is  little  doubt  in  the  minds  of  those  who  have  observed  this  patient 
that  there  had  been  marked  improvement  in  her  condition  following  the  use  of 
the  extract,  and  it  was  difficult  to  appreciate  her  attitude  and  resentment  in 
view  of  this  improvement.  The  experimenter  was  led  to  the  conclusion  that 
the  patient  had  no  intention  of  permitting  herself  to  be  restored  to  normal 
condition.  She  frequently  protested  that  she  could  control  her  actions,  and 
that  many  of  them  w'ere  merely  expressions  of  her  wilfulness.  Subsequent 
events  proved  the  truth  of  her  statements.  Later  the  patient  showed  much 
improvement  in  her  mental  condition.  She  stated  that  she  objected  to  the 
treatment  because  it  gave  her  such  a  ’let-down  feeling’  that  she  was  unable 
to  retain  her  hold  upon  herself,  and  that  she  felt  an  uncontrollable  desire  to 
go  to  sleep.  The  patient  recently  announced  her  intention  of  getting  better. 

Case  11.  E.  F.,  aged  50  years,  female,  Irish,  was  diagnosed  as  having  involu¬ 
tional  melancholia.  She  had  little  schooling  and  married  at  the  age  of  20  years. 
There  was  one  son  of  this  union.  In  1920  she  had  influenza,  which  was  followed 
by  a  period  of  3  months’  weakness  and  dizziness.  She  never  indulged  in  alcohol. 
She  was  characterized  as  mild,  and  given  to  worrying  over  others.  In  April  of  1937 
she  suddenly  became  somewhat  depressed.  The  following  month  she  accidentally 
fell  down  a  flight  of  stairs,  but  sustained  only  minor  injuries.  She  then  began  to 
lose  weight,  and  at  this  time  her  menses  ceased.  The  patient  became  irritable  con¬ 
cerning  the  household  pets;  she  said  that  everything  annoyed  her,  and  insisted  that 
she  and  the  home  were  very  dirty.  She  became  restless ;  ate  and  slept  poorly. 

She  was  admitted  to  this  hospital  from  a  convalescent  home  on  Dec.  16,  1937 
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because  of  a  suicidal  attempt.  Physical  examination  showed  a  small  female  who 
had  obviously  lost  some  60  lb.  There  was  a  moderate,  hypertrophic  arthritis  with 
slight  arteriosclerosis.  She  continually  harped  on  the  same  ideas,  and  showed  a 
moderate  degree  of  thinking  difficulty.  She  was  depressed,  agitated,  and  apprehen¬ 
sive.  There  were  self -condemnatory  ideas,  and  she  believed  that  she  had  syphilis 
and  had  infected  everyone  about  her.  The  patient  insisted  that  she  deserved  to  be 
punished  for  causing  the  spread  of  this  disease,  and  admitted  that  she  had  attempted 
suicide  in  an  effort  to  convince  the  physicians  that  her  contentions  were  true. 

She  continued  to  insist  that  she  had  an  unspeakable  disease,  and  pointed  to  her 
dry  skin  and  scalp  as  evidence  for  her  contentions.  She  avoided  all  the  other  pa¬ 
tients  in  order  to  prevent  infecting  them.  She  made  daily  requests  for  physical 
examinations,  denied  the  negative  Wassermann  reports,  and  insisted  that  the  physi¬ 
cians  were  trying  to  deceive  her  in  this  matter. 

On  Feb.  8,  1938  she  was  started  on  adrenal  cortex  extract  therapy  with  a  low 
potassium  diet  and  added  sodium  chloride  and  calcium  lactate.  She  made  little 
improvement  in  the  first  few  weeks.  In  response  to  her  delusions  she  swallowed 
several  pins.  Some  2  months  after  the  treatment  was  started  she  showed  definite 
improvement.  With  the  inception  of  treatment  it  was  observed  that  she  slept  with¬ 
out  the  aid  of  sedatives.  She  became  more  alert  and  at  ease;  less  tense,  depressed, 
and  agitated  than  she  was  upon  her  admission.  The  treatment  is  being  continued. 

DISCUSSION 

It  is  commonly  accepted  that  emotional  stress  may  be  reflected  in  pathologi¬ 
cal  physiology  in  peripheral  organs.  This  in  turn  may  accentuate  the  disordered 
emotional  condition,  and  so  establish  a  vicious  circle.  The  purpose  of  this 
experiment  was  to  interrupt  if  possible  the  disturbed  physiological  processes 
in  the  peripheral  organs,  and  so  give  the  central  nervous  system  a  respite 
from  the  disturbing  afferent  impulses  and  the  toxic  metabolites  from  the  pe¬ 
ripheral  organs,  and  to  observe  whether  or  not  the  pathological  mental  mani¬ 
festations  would  be  influenced  in  any  way. 

In  all  therapeutic  prcxiedures  used  in  psychiatry  it  has  become  obvious  that 
the  patient  must  have  a  sincere  desire  to  recover  his  mental  health  before 
any  treatment  can  be  of  any  avail.  Without  the  cooperation  of  the  patient 
the  psychosis  cannot  be  dislodged.  The  patient  may  respond  to  treatment, 
but  unless  there  has  been  some  solution  of  his  difficulties  which  furnished 
the  original,  emotional  stress,  the  patient  may  find  it  more  to  his  advantage  to 
retain  his  psychotic  state  than  to  go  back  to  normal,  adult  life  with  all  of 
its  responsibilities  and  problems.  This  may  in  part  be  the  explanation  for  the 
partial  failure  of  the  treatment  as  described  in  Case  4  and  10.  Assuming  that 
constant  worry  or  conflict  over  any  inacceptable  situation  may  contribute  to 
pathological  physiology,  a  mere  reversal  of  the  physiological  condition  to¬ 
wards  the  normal  is  in  itself  no  guarantee  that  the  patient  is  now  equipped 
to  solve  his  problems  when  he  is  confronted  by  his  original,  inacceptable 
situation.  It  is  obvious,  therefore,  that  any  physiological  therapy  would  have 
to  be  supplemented  by  advice  and  guidance  concerning  the  patient’s  philosophy 
of  living  if  the  patient  is  not  to  suffer  a  relapse  when  again  confronted  with 
his  original,  inacceptable  situation. 

The  author  does  not  believe  that  the  treatment  as  used  in  this  limited 
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experiment  is  the  panacea  for  mental  diseases.  Neither  does  he  believe  that 
the  adrenal  gland  is  solely  responsible  for  mental  diseases.  However,  the  im¬ 
pression  gained  is  that  many  of  the  functional  psychoses  appear  to  be  related 
to  each  other  from  the  physical  standpoint  and  in  their  responses  to  the 
treatment  as  described  herein.  It  would  appear  that  our  present  classification 
of  mental  diseases  is  entirely  artificial  and  quite  useless  from  the  standpoint 
of  treatment.  There  appears  to  be  three  large  subdivisions  of  the  functional 
psychoses;  ie.,  the  1st  following  physical  exhaustion  in  a  physically  inadequate 
individual;  the  2nd  following  a  grossly  inacceptable  psychological  situation 
in  a  neuropathic  individual;  and  the  3rd  as  a  combination  of  the  first  2  types. 
There  is  some  evidence  that  debilitating  infections  and  physical  exhaustion  are 
in  some  way  contributing  factors  in  the  development  of  a  functional  psychosis. 
Where  these  are  major  contributing  factors  physiological  therapy  as  described 
in  this  experiment  should  be  especially  valuable  and,  in  the  experience  of  the 
author,  much  more  eflBcacious  than  when  used  in  those  psychoses  which  occur 
in  neuropathic  individuals  following  a  grossly  inacceptable  psychological  situa¬ 
tion. 

SUMMARY 

Eleven  patients  suffering  from  mental  diseases  were  used  in  this  experi¬ 
ment.  Nine  of  them  were  treated  with  a  low  potassium  diet,  sodium  chloride, 
calcium  lactate,  and  adrenal  cortex  extract  (eschatin;  Parke,  Davis  &  Co.,)  by 
intramuscular  injection,  and  2  with  eschatin  alone.  The  following  physio¬ 
logical  changes  were  observed:  the  blood  pressure  dropped  approximately 
10  mm.  of  mercury  in  both  systole  and  diastole,  except  in  3  cases  of  hypo- 
adrenalism  where  it  rose  to  the  normal  level;  reversal  of  the  mood  to  euphoria 
and  elation;  a  feeling  of  warmth,  drowsiness,  and  relaxation  was  followed 
by  normal,  restful  sleep  without  the  use  of  sedatives;  there  were  improved 
bowel  movements,  and  a  disappearance  of  cyanosis  of  the  extremities.  One 
patient  showed  a  remission  of  her  mental  symptoms,  2  were  much  improved, 
6  were  somewhat  improved,  whereas  2  were  unimproved.  The  duration  of 
the  symptoms  was  from  6  months  to  10  years.  The  average  duration  of  mental 
symptoms  was  3  years.  One  patient  had  severe  pneumonitis,  with  very  low 
blood  pressure  and  marked  leucopenia.  He  recovered  from  his  acute  infection 
and  also  showed  a  definite  improvement  in  his  mental  condition.  The  treat¬ 
ment  is  safe,  simple,  and  apparently  there  are  no  contra-indications  to  the 
injection  of  cortical  extract.  The  patient  is  not  subjected  to  dangerous,  con- 
vulsant  drugs,  and  there  are  no  emergencies.  No  special  training  nor  specialized 
nursing  care  is  necessary. 
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❖  CLINICAL  AND  LABORATORY  NOTES  « 


THE  EFFECTS  OF  ESTROGENIC  HORMONE  ON  THE  SEX 
CYCLES  OF  NORMAL  RATS 

J.  Kenneth  Donahue* 

That  the  normal  secretory  activities  of  the  anterior  hypophysis  may  be  readily 
altered  by  injections  of  estrogenic  hormone  seems  to  be  no  longer  questionable.^ 
Meyer,  et  al®  demonstrated  that  injections  of  estrogenic  hormone  into  normal  rats 
lessened  the  gonad-stimulating  potency  of  the  hypophysis.  Desclin®  reported  experi¬ 
ments  which  indicated  that  variations  of  dosage  of  estrogenic  hormone  resulted 
in  stimulation  of  the  basophile  cells  under  light  dosage  and  a  further  stimulation 
of  basophilic  activity  along  with  beginnings  of  acidophilic  activity  under  higher 
dosages  given  for  longer  time  periods.  Hohlweg*  advanced  the  theory  that  massive 
injections  of  estrogen  caused  luteinization  of  the  ovaries  of  normal  rats.  More  re¬ 
cently  Heckel  and  Allen®*  ®  reported  that  the  functional  life  of  the  corpora  lutea  of 
pseudopregnant  and  pregnant  rabbits  may  be  prolonged  by  injections  of  estrogenic 
hormone.  Nelson  (personal  communication)  is  of  the  opinion  that,  provided  there 
are  young  corpora  lutea  in  the  ovaries  at  the  time  of  injection,  estrogenic  hormone 
will  bring  about  a  diestrous  condition  which  lasts  from  16  to  20  days.  Following 
this  prolonged  diestrous  period  estrus  will  reappear  and  remain  so  long  as  estrogenic 
hormone  administration  is  continued. 

This  evidence  points  to  the  conclusion  that  estrogenic  hormone  is  capable  of 
maintaining  the  functional  activity  of  the  corpora  lutea  for  a  time  period  consid¬ 
erably  beyond  the  normal.  However,  there  is  some  question  as  to  whether  estrogenic 
hormone  actually  stimulates  the  hypophysis  to  produce  the  luteinizing  hormone  or 
merely  causes  the  release  of  whatever  LH  may  be  present  in  the  hypophysis  at  the 
time  injections  are  initiated.  Employing,  in  some  instances,  higher  dosages  of 
estrogen  than  those  used  by  other  investigators,  and  extending  the  injection  period, 
it  was  felt  that  some  indication  of  the  maximum  effect  of  estrogenic  hormone  on 
the  prolongation  of  luteal  cell  activity  might  be  obtained.  In  other  instances  various 
dosages  at  lower  levels  were  employed  in  order  to  determine  the  approximate  mini¬ 
mal  daily  dosage  of  estrogen  necessary  to  prolong  the  functional  life  of  the  corpora 
lutea. 

Experimental  Procedure.  Five  female  rats,  66-day-old  litter  mates  which  were 
known  to  be  running  regular  cycles,  were  injected  with  500  i.u.  of  theelin  in  oilf 
daily  for  a  period  of  27  days.  Vaginal  smears  were  taken  twice  daily  during  the 
injection  period,  care  being  taken  not  to  traumatize  the  vaginal  epithelium.  The 
animals  were  sacrificed  on  the  28th  day  and  their  ovaries,  uteri,  and  vaginae  pre- 

*  From  the  Department  of  Biology,  The  College  of  Charleston,  Charleston,  S.C. 

t  Theelin  supplied  through  the  courtesy  of  Dr.  Oliver  Kamm  of  Parke,  Davis  &  Company. 
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pared  for  histological  study.  A  second  group  of  rats,  also  66  days  of  age  and  litter 
mates,  were  injected  daily  with  dosages  of  theelin  ranging  from  200  i.u.  in  one 
instance  to  10  i.u.  in  another.  In  order  to  examine  the  reproductive  organs  at  what 
was  estimated  to  be  the  time  when  the  corpora  were  responding  to  a  maximum  of 
stimulation,  this  group  was  sacrificed  on  the  day  following  the  10th  injection. 

Results.  The  findings  are  summarized  in  the  table  below.  Of  the  5  rats  injected 
with  daily  dosages  of  500  i.u.  for  a  27-day  period,  4  were  in  proestrus  and  one  in 
metestrus  when  injections  were  begun.  Presumably  the  corpora  lutea  in  the  pro- 
estrous  animals  were  old  ones  from  the  previous  cycle.  At  least  some  of  the  corpora 
lutea  in  the  metestrous  animal  were  presumably  young.  Despite  these  differences 
in  the  state  of  the  corpora  lutea  all  5  animals  went  into  diestrus  on  the  5th  day  of 
injection  and  remained  in  that  state  for  18  days.  Large  amounts  of  mucus  were 


Table  1.  Effects  of  theelin  on  normal  66-day  old  female  rats 


No.  of 
ani¬ 
mals 

Daily 
dosage 
in  I.u. 

Days 

in¬ 

jected 

Corpora  lutea 

Follicles 

Uterus 

Vagina 

5 

500 

27 

large,  nonfunctional 

medium  to 
large,  growing 

proestrous 

proestrous 

1 

200 

10 

large,  functional 

small 

diestrous 

diestrous 

1 

100 

10 

large,  functional 

small 

diestrous 

diestrous 

1 

50 

10 

large,  functional 

medium 

diestrous 

diestrous 

1 

25 

10 

medium,  nonfunctional 

large,  growing 

estrous 

estrous 

1 

10 

10 

medium,  nonfunctional 

large,  growing 

estrous 

estrous 

present  in  the  smears  during  that  time.  During  the  last  5  days  of  the  injection 
period  the  smears  gradually  reverted  to  the  proestrous  type  and  all  5  animals  were 
in  proestrus  when  necropsied.  The  ovaries  showed  large,  but  definitely  degenerate, 
corpora  lutea  as  well  as  several  medium-sized  follicles  and  a  few  large  follicles. 
The  uterine  epithelium  showed  the  effects  of  estrogenic  stimulation  as  indicated 
by  high  columnar  cells,  many  of  which  were  undergoing  mitotic  division.  The 
mucous  cells  of  the  vaginal  epithelium  were  being  rapidly  replaced  by  the  epithelial 
cells  characteristically  found  in  the  proestrous  stage. 

The  3  animals  receiving  200,  100,  and  50  I.u.  of  theelin  respectively  were  in 
proestrus  at  the  beginning  of  the  injection  period.  The  smears  changed  to  the 
estrous  type  on  the  third  day  and  became  diestrous  on  the  sixth  day,  remaining  in 
that  phase  until  the  eleventh  day  when  the  animals  were  killed.  The  ovaries  of  all 
3  animals  showed  many  large,  healthy,  corpora  lutea.  The  uterine  and  vaginal 
epithelium  showed  characteristic  reactions  to  progesterone  stimulation.  Under  con¬ 
tinued  treatment  it  is  reasonably  certain  that  the  corpora  lutea  would  have  remained 
functional  for  a  considerably  longer  time. 

The  animal  receiving  25  i.u.  of  theelin  daily  for  10  days  was  in  metestrus  when 
injections  were  begun.  The  one  receiving  10  i.u.  daily  for  the  same  length  of  time 
was  in  diestrus  at  the  beginning  of  the  injection  period.  After  passing  through  an 
irregular  series  of  cyclic  changes  in  which  metestrous  and  diestrous  smears  predomi¬ 
nated,  both  animals  came  into  estrus  on  the  tenth  day.  The  histological  appearance 
of  the  ovaries  and  reproductive  tracts  was  typical  of  the  estrous  stage. 

Discussion.  It  is  evident  from  these  experiments  that  estrogenic  hormone  in¬ 
jected  at  dosage  levels  ranging  from  50  to  500  i.u.  daily  is  capable  of  prolonging 
the  functional  life  of  the  corpora  lutea  of  the  normal  adult  female  rat.  Using  dos¬ 
ages  of  200  I.u.  per  day  and  employing  rats  twice  the  age  of  those  mentioned  in 
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these  experiments,  Nelson  succeeded  in  prolonging  diestrus  for  about  the  same 
time  period.  Apparently  the  age  factor  is  not  an  important  one  in  this  particular 
connection.  As  judged  by  the  fully  functional  condition  of  the  corpora  lutea  of 
rats  injected  with  50  i.u.  of  theelin  daily,  following  a  ten-day  injection  period,  it 
would  seem  that  a  daily  dosage  of  50  l.u.  is  as  effective  as  one  of  500  i.u.  in  estab¬ 
lishing  a  prolonged  diestrous  period.  The  point  to  be  emphasized  is  that,  despite 
the  fact  that  the  corpora  lutea  may  be  maintained  as  functional  bodies  for  a  con¬ 
siderable  time  by  an  estrogen,  this  condition  will  not  persist  indefinitely  in  spite 
of  the  continued  injections  of  estrogen.  The  effect  must,  therefore,  be  considered  a 
transient  one. 

Since  4  of  5  of  the  rats  receiving  500  i.u.  of  theelin  daily  were  in  proestrus 
when  injections  were  started  (as  judged  by  the  smear  record)  it  would  seem  that 
the  old  corpora  lutea  from  the  previous  cycle  were  caused  to  renew  their  functional 
activity  under  a  luteinizing  stimulus.  These  animals  remained  in  proestrus  for  5 
days  before  going  into  prolonged  diestrus.  It  is  possible  that  a  short  estrous  period 
was  missed,  but  in  view  of  the  abnormally  long  proestrous  period  it  seems  more 
reasonable  to  believe  that  the  old  corpora  lutea  from  the  previous  cycle  were  re¬ 
juvenated  and  succeeded  in  preventing  and  finally  overcoming  a  fully  expressed 
estrous  stage.  At  dosages  of  50,  100,  and  200  i.u.  daily,  3  proestrous  animals  went 
into  estrus  on  the  third  day,  which  was  followed  by  a  prolonged  diestrous  period. 
In  these  cases  it  is  likely  that  both  the  old  and  new  corpora  lutea  were  caused  to 
persist  since  no  evidences  of  non-functional  corpora  lutea  were  seen  at  necropsy. 
At  dosages  of  25  and  10  i.u.  daily,  prolongation  of  the  functional  life  of  the  corpora 
lutea  was  not  accomplished.  Since  one  animal  was  in  early  diestrus  and  the  other 
in  metestrus  when  injections  were  initiated  it  was  assumed  that  functional  corpora 
lutea  were  present  at  that  time.  No  evidences  of  preovulatory  luteinization  of  fol¬ 
licles  were  seen  in  any  of  these  animals  following  administration  of  estrogenic 
hormone. 

Summary.  Estrogenic  hormone  injected  at  dosage  levels  ranging  from  50  to  500 
I.u.  daily  will  cause  the  corpora  lutea  to  persist  in  a  functional  manner  in  the 
normal  adult  female  rat.  This  functional  luteal  phase  will  not,  however,  continue 
beyond  20  days,  despite  continued  administration  of  hormone.  Since  this  effect  is 
producable  for  what  appears  to  be  a  maximum  of  20  days,  despite  continued  injec¬ 
tions  of  estrogen,  it  is  concluded  that  an  actual  stimulation  of  the  anterior 
hypophyseal  luteinizing  hormone  is  not  accomplished.  Alternatively  it  appears  more 
likely  that  the  estrogen  causes  the  release  of  whatever  LH  is  present  in  the  hypophy¬ 
sis  as  stored  material  at  the  time  injections  are  started.  Dosages  of  25  i.u.  or  less 
do  not  appear  to  be  capable  of  establishing  a  prolonged,  functional  corpus  luteum 
phase.  TTiere  is  some  evidence  that  old  corpora  lutea  may  be  stimulated  to  renew 
functional  activity  under  the  stimulus  of  injected  estrogen. 
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EFFECT  OF  PREVIOUS  CASTRATION  ON  WEIGHT  LOSS  AND 
SURVIVAL  OF  ADRENALECTOMIZED  RATS* 


Robert  L.  Kroc 

In  spite  of  the  chemical  similarity  of  gonad  and  adrenal  cortex  hormones^,  and 
the  extended  survival  of  adrenalectomized  estrous  and/or  pregnant  dogs*’  the 
literature  is  meager  on  the  survival  of  adrenalectomized  animals  previously  castrated. 
Such  experiments  are  desirable  because  of  the  manifold  effects  of  castration,  involv¬ 
ing  not  only  the  absence  of  gonad  hormones  but  also  the  altered  metabolism,  growth 
rate,®  adrenal  changes,®  and  increase  in  gonad-stimulating  power  of  the  pituitary.* 
The  experiments  herein  reported  were  a  necessary  basis  for  others  now  in  progress 
involving  theelin.® 

Carr®  reported  that  simultaneous  ovariectomy  and  adrenalectomy  of  6  adult  rats 
kept  in  a  constant  temperature  chamber  at  37°C.  resulted  in  an  average  survival  of 
7.5  days,  as  compared  to  6.4  days  for  6  controls.  An  adrenal  remnant  was  found  at 
autopsy  of  the  one  control  that  survived.  Mendez*®  found  that  60  immature  male 
rats  castrated  2  to  4  days  before  adrenalectomy  lived  an  average  of  8  days  as 
compared  to  7  days  for  his  controls.  All  of  his  castrates  and  88  per  cent  of  his 
controls  died. 

The  work  of  Carr  and  of  Mendez,  however,  did  not  involve  the  full  effects  of 
castration,  since  their  animals  were  gonadectomized  at  the  time  of,  or  but  a  few 
days  prior  to,  adrenalectomy.  Experimenting  with  rabbits,  Handovsky  and  Tarn- 
man,**  and  de  Mira  and  Fontes**  claimed  that  previous  castration  augmented  re¬ 
sistance  to  adrenal  removal. 

Methods.  Rats  of  the  Sprague-Dawley  strain  were  housed  in  an  animal  room 
maintained  at  approximately  25°C.  The  diet  consisted  of  Purina  dog-chow  supple¬ 
mented  with  lettuce  twice  weekly.  All  operations  were  performed  under  ether  anes¬ 
thesia,  and  the  rats  were  kept  in  a  warm  chamber  for  several  hours  following  each 
operation.  Ovariectomy  was  accomplished  through  a  ventral  incision,  and  the 
tip  of  each  uterus  removed  along  with  the  ovary  and  tubes.  Vaginal  smears  had 
b^n  made  for  2  to  3  weeks  on  all  females  prior  to  ovariectomy,  and  all  those  not 
showing  typical  cycles  were  discarded.  The  control  females  were  similarly  smeared 
prior  to  removal  of  each  adrenal.  In  the  males  the  epididymis  was  removed  with  each 
testis.  Adrenalectomy  was  performed  in  two  stages  approximately  14  days  apart, 
and  by  the  method  previously  described.*®  The  18  control  females  had  their  second 
(left)  adrenal  removed  in  the  estrous  state  the  first  day  their  vaginal  smears  indi- 


•  Contribution  No.  275,  from  the  Department  of  Zoology,  Indiana  University,  Bloomington,  Ind. 

*  Sobotka,  H.;  Chemistry  of  the  Sterids,  Williams  &  Wilkins,  Baltimore. 

’  Rogoff,  J.  M.,  and  G.  N.  Stewart:  Am.  I.  Physiol.  79:509.  1927. 

•  Rogoff,  J.  M.,  and  G.  N.  Stewart:  Am.  J.  Physiol.  8£:20.  1928. 

*  Swingle,  W.  W.,  W.  M.  Parkins,  et  al.;  Am.  J.  Plwsiol.  119:675.  1937. 

*  Holt,  H.,  R.  W.  Keeton  and  B.  Vennesland:  Am.  J.  Physiol.  114:515.  1936. 

*  Andersen,  D.  H.,  and  H.  S.  Kennedy:  J.  Physiol.  79:1.  1932. 

’  Smith,  P.  E.:  Am.  U  Physiol.  80:114.  1927. 

•  Kroc,  R.  L.:  Anat.  Rec.  64:(Suppl.  No.  1)  131.  1935. 

•  Carr,  J.  L.:  Proc.  Soc.  Exper.  Biol.  &  Med.  29:128.  1931. 

“  Mender,  R.:  Quart.  I.  &  Yr.  Bk.  Pharmacol.  7:641.  1934. 

**  Handovskv,  H.,  and  H.  Tamman:  Arch.  f.  exper.  Path.  u.  Pharmakol.  134:203.  1928. 

“  de  Mira,  F.,  and  J.  Pontes:  Arch.  Portugaises  des  Sciences  Biol.  3:140.  1932. 

**  Kroc,  R.  L.,  and  S.  J.  Martin:  Am.  J.  Physiol.  108:438.  1934. 
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cated  cornification.  All  animals  were  weighed  daily  prior  to  and  following  each 
operation.  Final  body  weights  were  obtained  at  death  or  within  12  hours  before 
or  after  death. 

The  gonadectomized  series  was  as  follows:  two  groups  of  males,  one  of  15 
and  the  other  of  5,  castrated  6  to  7  and  20  weeks,  respectively,  before  the  second 
adrenalectomy;  two  groups  of  females,  one  of  20  and  the  other  of  11  rats  ovari- 
ectomized  6  to  7  and  1 1  weeks  respectively.  At  the  time  of  the  second  adrenalectomy, 
all  were  4  to  7  months  old  and  averaged  220  to  250  gm.  in  weight.  In  no  case 
was  castration  performed  before  45  days  of  age.  Adrenalectomies  were  done  be¬ 
tween  November  and  March. 

Results.  A  summary  of  the  effects  of  gonadectomy  6  to  1 1  weeks  prior  to  two- 
stage  adrenalectomy  is  given  in  table  1.  Twenty -one  of  the  22  control  males  died 
within  5  to  24  days.  Cortical  tissue  was  found  at  autopsy  in  the  one  that  sur¬ 
vived.  The  adrenals  originally  removed  and  saved  in  Bouin  showed,  under  a  binoc- 


Table  1.  Weight  loss  and  survival  of  two-stage  adrenalectomized 

NORMAL  AND  CASTRATED  ADULT  ALBINO  RATS‘ 


No.  Wk. 
Castrated 

%  Wt.  Loss 

% 

Mortality 

Days  Survival 

Range 

Avg.  am 

Range 

Avg.  am 

22d'(? 

11-28 

19.7±1.0 

95.4 

5-24 

11.7  +  1.1 

IScfci' 

6-7 

15-38 

23.1±1.4 

100. 

5-24 

14.8  +  1.3 

189  9 

9-31 

22.5±1.4 

100. 

6-23.5 

14.5+1.0 

179  9 

6-7 

9-28 

20.2±1.2 

96.4 

4-30 

15.3  +  1.8 

119  9 

11 

16-28 

24.0±2.5 

100. 

4.5-19 

13.3  +  1.6 

*289  9 

6-11 

9-28 

21.7  +  0.8 

96.3 

4-30 

14.4  +  1.3 

^  Approximately  2  weeks  between  the  removal  of  each  adrenal. 
>  Combined  data  of  castrated  females. 


ular  dissecting  microscope,  that  the  capsules  were  intact.  It  is  concluded,  therefore, 
that  the  cortical  tissue  found  at  autopsy  was  definitely  accessory.  This  rat  lost 
5  per  cent  of  its  preoperative  weight  by  the  21st  day,  but  subsequently  increased 
to  25  per  cent  above  its  preoperative  weight  by  the  53rd  day  when  killed. 

The  mortality  of  the  castrated  males,  control  females  and  the  11-weeks  ovariec- 
tomized  females  was  100  per  cent.  One  of  the  seventeen  6  to  7-weeks  castrated 
females  survived,  and  accessory  cortical  tissue  was  found  at  autopsy  after  43  days. 
This  female  lost  a  little  more  than  17  per  cent  in  weight  by  the  27th  day,  and  was 
still  11  per  cent  under  its  preoperative  weight  when  killed.  Three  females  of  this 
group  are  not  included  in  the  table.  Two  of  these  died  on  the  3rd  day  with  weight 
losses  of  7  and  13  per  cent,  and  autopsy  showed  markedly  congested  lungs.  The 
third  died  on  the  38th  day  with  a  weight  loss  of  18  per  cent.  However,  its  weight 
record  definitely  indicated  the  presence  of  cortical  tissue. 

A  group  of  5  males  castrated  for  20  weeks  is  not  included  in  the  table.  Three 
of  these  died  after  12  to  14  days,  with  weight  losses  of  18  to  28  per  cent.  Two 
survived  for  35  and  44  days,  with  weight  losses  of  28  and  27  per  cent.  In  both 
cases  the  weight  curves  were  gradual  and  with  no  indications  of  attempted  return  to 
normal. 

The  weight  losses  of  the  control  and  castrate  groups  are  not  significantly  differ¬ 
ent.  The  greatest  difference  is  between  the  control  and  castrate  males  with  averages 
of  19.7  and  23.1  per  cent  respectively.  Correspondingly,  the  greatest  difference  in 
the  survival  periods  is  between  the  male  groups.  The  castrates  survived  an  average 
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of  14.8  days  as  compared  with  11.7  days  for  the  controls.  When  the  data  for  the 
two  groups  of  female  castrates  are  combined,  the  results  are  strikingly  uniform. 

Definite  estrous  disturbance  was  noted  in  the  normal  females  following  removal 
of  the  second  adrenal.  Six  showed  no  return  to  nucleated  or  cornified  cells ;  8  had  one, 
and  4  had  two  estrous  type  smears.  These  results  are  in  accord  with  those  of  Martin,’^ 
Kroc  and  Martin,^®  and  others. 

Discussion.  The  somewhat  longer  survival  of  normal  females,  as  compared  with 
normal  males,  confirms  the  report  of  Sisson  and  March.®®  This  difference  may  be 
due  in  part  to  the  greater  size  of  the  female  adrenals.  The  similarity  of  castrate  male 
and  normal  female  survivals  may  result  from  the  increase  in  size  of  the  male  adrenals 
following  castration.®®  The  weight  loss  and  survival  changes  correspond  closely  to 
those  of  slightly  younger  two-stage  adrenalectomized  females  previously  reported 
by  the  author.®*  This  is  interesting  in  that  the  second  adrenals  of  those  animals  were 
removed  at  random  times  during  the  cycle,  whereas  the  present  series  experienced 
the  second  operation  in  estrus.  This  would  indicate  that  the  stage  of  the  cycle  has  no 
effect  on  the  length  of  survival  in  the  rat. 

The  mortality  of  both  controls  and  castrates  approaches  100  per  cent,  definitely 
indicating  that  previous  gonadectomy  does  not  augment  the  resistance  of  rats  follow¬ 
ing  adrenal  deprivation.  This  is  also  borne  out  by  the  similarity  of  the  weight  curves 
and  percentage  weight  lost  by  both  groups.  The  author  has  found  only  one  rat 
(among  the  6  per  cent  survivors  of  more  than  200  adrenalectomized  adult  rats) 
that  lost  more  than  14  per  cent  of  its  preoperative  weight.  This  would  indicate  that 
a  weight  loss  of  14  or  more  per  cent  in  an  adrenalectomized  adult  rat  is  a  fairly 
reliable  criterion  that  the  animal  will  die  of  adrenal  insufficiency.  Despite  the  mani¬ 
fold  effects  of  gonadectomy,  the  surprising  uniformity  of  the  above  results  is  note¬ 
worthy. 

Summary.  Gonadectomy  of  28  female  rats,  6  to  20  weeks  prior  to  two-stage 
adrenalectomy,  had  no  significant  effect  on  the  degree  of  weight  loss,  percentage 
of  mortality,  or  length  of  survival.  Six  to  7-weeks  castrated  males  lost  an  average  of 
3  per  cent  more  weight  and  lived  3  days  longer  than  normal  males.  The  results 
on  the  castrated  males  are  almost  identical  with  those  of  normal  and  castrated 
females.  Removal  of  the  second  adrenal  while  the  animal  was  in  the  estrous  state 
appears  to  have  no  effect  on  the  survival  period  in  rats. 

“  Martin,  S.  J.:  Am.  J.  Physiol.  100:180.  1932. 

“  Sisson,  E.  D.,  and  B.  March:  Endocrinology  19:389.  1935. 

••  Altenberger,  H.;  Arch.  f.  d.  ges.  Physiol.  202:668.  1924. 
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ADVANCE  ABSTRACTS 

Variations  in  the  reaction  of  chicks  to  different  methods  of  administering  androgens. 

Breneman,  W.  R.  To  appear  in  this  Journal. 

The  relative  effectiveness  of  oreton  and  oreton-B  in  the  chick  was  the  same,  whether 
injections  were  made  subcutaneously  or  intraperitoneally.  Both  hormones  were  more  efficient 
when  administered  subcutaneously,  but  comb  growth  was  always  greater  in  those  animals 
which  received  oreton-B.  Androstenedione  and  dehydroandrosterone  proved  to  be  less  effective 
than  oreton  or  oreton-B  in  promoting  comb  growth.  Simultaneous  injection  of  each  of  these 
hormones  with  either  oreton  or  oreton-B  demonstrated  that  the  oreton-B  combinations  were 
more  potent.  Androstenedione  plus  oreton-B  actually  elicited  greater  comb  growth  than  did 
oreton  plus  oreton-B.  Chicks  which  received  dehydroandrosterone  plus  oreton  after  admixture 
in  vitro  had  smaller  combs  than  those  birds  which  were  given  these  two  hormones  simultane¬ 
ously  but  in  separate  injections. 

Injection  of  oreton  or  oreton-B  into  complete  and  partial  capons  indicates  that  although 
testes  are  small  in  the  10  and  15-day-old  chicks,  they  probably  release  some  androgenic  sub¬ 
stance.  Partially  caponized  birds  with  25%  or  less  of  testicular  tissue  had  larger  combs  than 
did  the  complete  capons  in  spite  of  the  fact  that  the  capons  received  more  hormone.  Combs 
of  chicks  with  one  testis  intact  were  larger  than  were  those  of  the  birds  with  25%  gonad 
tissue.  Body  weight  was  essentially  the  same  in  both  control  and  injected  chicks  until  after 
cessation  of  injections.  The  controls  then  become  progressively  heavier.  The  differences  in 
weight  averages  were  less  if  the  animals  were  somewhat  crowded,  and  the  control  and  ex¬ 
perimental  chicks  placed  on  reduced  diet  did  not  vary  appreciably  in  average  weight  on  the 
10th  day.  Baby  cockerels  which  received  oreton  plus  oreton-B  for  the  first  5  days  after  hatch¬ 
ing  were  able  to  crow  by  the  7th  day.  Birds  given  oreton-B  alone  during  the  same  time  period 
but  in  an  amount  equal  to  the  combined  dosage  of  oreton  plus  oreton-B  demonstrated  their 
ability  to  crow  on  the  5th  day  of  age. 

Gynecomastia.  Bronstein,  1.  P.  To  appear  in  this  Journal. 

A  colored  boy  of  17  years  with  the  less  frequent  bilateral  mammary  development  is  re¬ 
ported.  Of  special  interest  was  the  finding  of  a  positive  Friedman  test  (Reaction  III).  Sub¬ 
stitution  therapy  was  employed,  the  indication  being  the  apparent  testicular  insufficiency.  With 
the  male  sex  hormone,  the  following  made  their  appearance:  a),  erections;  b),  appearance 
of  hair  on  the  chest,  face  and  legs;  and  c),  suggestive  changes  in  the  testes  and  the  right 
breast. 

The  use  of  testosterone  propionate  in  functional  bleeding.  Geist,  S.  H.,  U.  J.  Salmon,  and 

J.  Gaines.  To  appear  in  this  Journal. 

Twenty-five  cases  of  functional  bleeding  were  treated  with  testosterone  propionate.  Pre¬ 
liminary  endometrial  biopsies  were  performed  on  all  and  repeated,  at  intervals,  during  and 
after  the  course  of  treatment.  The  dosage  varied  from  450  to  1,000  mg.  per  month.  The  ex- 
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cessive  bleeding  was  controlled  in  all  but  2  cases.  Post-therapy  endometrial  biopsies  revealed, 
a),  Disappearance  of  the  secretory  phase  and,  b),  Inhibition  of  the  proliferative  phase  with 
the  appearance,  in  some  cases,  of  marked  hypoplasia  and,  in  others,  advanced  atrophy.  Evidence 
of  regeneration  in  the  latter  group  was  noted  as  early  as  one  month  following  the  discontinuation 
of  the  testosterone  propionate.  Subsequently,  endometrial  biopsies  revealed  a  restoration  of 
normal  cyclical  changes  in  the  endometrium,  associated  with  normal  menstrual  bleeding.  It 
is  suggested  that  the  testosterone  propionate  acts  by  inhibiting  the  follicle-stimulating  and 
luteinizing  factors  of  the  hypophysis,  resulting  in  suppression  of  the  normal  estrogen  and 
progesterone  production  in  the  ovary  which  is  manifested  by  the  failure  of  the  normal  prolifera¬ 
tive  and  secretory  phenomena  to  appear  in  the  endometrium. 

The  miniature  rat  uterus  as  an  assay  endpoint  for  estrogenic  substances,  and  a  compari¬ 
son  of  estradiol,  estrone  and  estriol.  Lauson,  H.  D.,  C.  G.  Heller,  June  B.  Golden  and 
E.  L.  Sevringhaus.  To  appear  in  this  Journal. 

A  method  of  estrogen  assay  is  described,  based  on  increase  in  weight  of  the  immature  rat 
uterus  proportional  to  increasing  dosage.  The  assay  is  performed  by  injecting  one-half  cc.  of 
aqueous  solutions  subcutaneously  twice  daily  for  three  days,  with  autopsy  on  the  morning  of 
the  fourth  day.  The  uterine  response  to  estradiol  and  estrone  is  essentially  identical,  one 
gamma  of  estradiol  being  equivalent  to  20  gamma  of  estrone.  The  uterine  response  to  estriol 
is  incomplete  in  the  sense  that  the  uterine  weight  curve  plateaus  at  a  much  lower  level  than 
in  case  of  the  other  two  estrogens.  Standard  estradiol  and  estrone  dosage-response  curves,  based 
on  results  from  482  rats,  are  presented  together  with  practical  limits  defining  the  expected 
range  of  error.  Apparent  change  in  animal  sensitivity  from  time  to  time  has  been  discovered, 
necessitating  frequent  checks  with  standard  estrogens.  The  method  seems  especially  adapted  to 
the  assay  of  clinical  materials,  such  as  blood  and  urine,  where  the  quantity  of  estrogen  is  fre¬ 
quently  very  limited,  since  relatively  great  accuracy  is  obtained  consistently  when  as  few  as 
1  to  4  rats  are  used  for  each  assay. 

The  effect  of  prolonged  testosterone  propionate  administration  on  the  immature  and 
adult  female  rat.  Mazer,  M.,  and  C.  Mazer.  To  appear  in  this  Journal. 

In  the  immature  rat,  prolonged  administration  of  testosterone  propionate  causes  a  decrease 
in  the  weight  of  the  pituitary,  adrenals,  ovaries  and  uterine  horns  and  inhibition  of  estrus  with 
mucification  of  the  vaginal  epithelium.  The  degree  of  uterine  atrophy  is  not  in  proportion  to 
the  ovarian  atrophy,  presumably  because  the  suppression  of  estrogen  production  is  partly 
counterbalanced  by  the  direct  stimulative  effect  of  testosterone  on  the  uterus.  The  adult  rat 
reacts  similarly  with  the  exception  that  the  pituitary  gland  shows  no  significant  decrease  in 
weight.  The  deleterious  effect  of  prolonged  testosterone  treatment  on  the  ovaries  is  temporary. 
Restitution  of  structure  and  function  occurs  within  29  days.  Evidence  is  drawn  from  the 
literature  and  the  experiments  described  that  the  duration  of  treatment  is  the  determining  factor 
in  the  effect  of  testosterone  on  the  ovaries ;  short  treatment  produces  stimulation  and  prolonged 
treatment  depression.  It  is  considered  that  the  ovarian  atrophy  herein  described  is  secondary 
to  pituitary  inhibition. 

Further  studies  on  the  specific  metabolic  principle  of  the  pituitary.  O'Donovan,  D.  K., 
L.  W.  Billingsley  and  J.  B.  Collip.  To  appear  in  this  Journal. 

The  effect  of  the  specific  metabolic  principle  on  the  oxygen  consumption  of  guinea  pigs 
and  rats  is  refwrted.  The  previously  reported  observations  on  rabbits  are  confirmed.  Evidence 
is  presented  that  the  effect  is  not  mediated  through  the  pituitary,  thyroid  or  adrenals.  The  rise 
in  the  oxygen  consumption  is  associated  with  a  fall  in  the  R.  Q.  (guinea  pigs).  Precautions 
to  be  taken  in  the  assay  of  the  specific  metabolic  principle  by  measurement  of  oxygen  con¬ 
sumption  are  pointed  out.  A  rabbit  unit  is  suggested. 

The  effect  of  testosterone  propionate  on  the  genital  tract  of  the  immature  female  rat. 
Salmon,  U.  J.  To  appear  in  this  Journal. 

Immature  female  rats  were  injected  with  testosterone  propionate  and  the  following  ef¬ 
fects  up>on  the  vagina,  ovaries,  uterus  and  preputial  glands  were  noted:  a),  Premature  open¬ 
ing  of  the  vagina  (in  some  instances  as  early  as  12  hours  after  injection);  b),  Proliferation 
of  the  vaginal  epithelium;  c),  Marked  hypertrophy  of  the  musculature  of  the  uterus  and  pro¬ 
liferation  of  the  endometrium;  d),  Follicle  growth  and  corpora  lutea  in  ovaries;  e),  Marked 
enlargement  of  the  preputial  glands  with  formation  of  abundant  preputial  secretion.  Similar 
effects,  though  less  marked  in  degree,  were  produced  in  castrated  immatures.  It  appears  that 
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testosterone  propionate  when  administered  to  immature  female  rats  has  a  stimulating,  trophic 
effect  upon  the  components  of  the  female  genital  tract  and  also  upon  the  preputial  gland  which 
is  the  homologue  of  the  prostate. 

Age  and  sex  differences  in  hormone  content  of  the  rabbit  hypophysis.  Saxton,  J.  A.,  Jr., 
and  Harry  S.  N.  Greene.  To  appear  in  this  Journal. 

Age  and  sex  differences  in  hormone  content  of  rabbit  hypophysis  have  been  studied  by 
means  of  implantation  into  immature  female  guinea  pigs.  The  male  pituitary  produced  greater 
follicle  stimulation  and  luteinization  than  did  the  female,  and  also  a  greater  stimulation  of  the 
adrenal  cortex.  Thyrotropic  effects  were  approximately  equal.  Pituitaries  from  10-day-old  rab¬ 
bits  produced  thyroid  and  adrenal  stimulation  but  no  gonadotropic  effects,  whereas  at  15  and 
21  days  follicle  stimulation  was  also  produced.  Glands  from  28-day  and  older  rabbits  produced 
both  follicle  stimulation  and  luteinization,  although  of  a  moderate  degree.  The  thyrotropic 
effects  of  comparable  amounts  of  pituitary  tissue  from  immature  rabbits  were  greater  than 
from  mature  rabbits.  Glands  from  old  female  rabbits  produced  about  the  same  degree  of 
follicle  stimulation  and  luteinization  as  from  young  mature  females.  However,  there  was 
less  thyroid  stimulation  and  generally  greater  stimulation  of  the  adrenal  cortex. 

Changes  in  the  genital  tracts  of  guinea  pigs  associated  with  cystic  and  ‘interstitial  gland’ 
ovaries  of  long  duration.  Ida  Genther  Schmidt.  To  appear  in  this  Journal. 

Following  irradiation  with  a  minimum  sterilization  dose  of  x-rays,  the  normal  stroma  in 
the  ovaries  of  guinea  pigs  was  replaced  by  interstitial  gland  cells,  which  resembled  young  luteal 
cells  but  remained  in  their  original  healthy  condition  for  indefinite  times.  These  apparently 
secreted  theelin,  enabling  the  occurrence  of  irregular  estrous  cycles  with  prolonged  estrous 
openings.  In  time,  ovarian  cysts  appeared,  in  addition  to  the  glandular  tissue;  these  became 
progressively  larger.  Within  a  year  after  irradiation,  small  endometrial  cysts  also  were  common. 
Then  followed  progressively  more  severe  changes.  Endometrial  cysts  became  larger,  more 
numerous,  more  irregularly  distributed,  often  contained  leucocytic  masses  and  became  greatly 
distended.  Portions  of  the  uterine  lumen  and  glandular  epithelium  were  replaced  by  mucous- 
secreting  epithelium  like  that  in  the  cervix,  or  by  stratified  squamous  epithelium  with  formation 
of  'pearls.’  The  uterine  musculature  and  the  tunica  propia  were  replaced  by  varying  amounts 
of  fibrous  tissue;  in  one  instance  a  definite  fibroma  was  developing.  In  the  oldest  animal  the 
entire  uterine  wall  was  almost  solid  smooth  muscle,  with  adenomatous  glandular  growths 
obscuring  the  lumen,  and  more  muscle  glands  being  formed  peripherally.  Cervices  showed 
similar  changes,  including  formation  of  a  myoma  in  the  oldest  animal.  Epithelial  downgrowths 
occurred  in  the  vaginae,  more  severe  with  increased  age.  Secondary  pathological  conditions 
resulted  from  adhesions  to  other  organs.  These  changes  are  similiar  to  those  produced  ex¬ 
perimentally  by  long-continued  treatment  with  estrogenic  hormones. 

Loss  and  restoration  of  copulatory  activity  in  adult  male  rats  following  castration  and  sub¬ 
sequent  injections  of  testosterone  propionate.  Stone,  C.  P.  To  appear  in  this  Journal. 
Quantitative  tests  of  copulatory  and  ejaculatory  frequency  in  5  normal  and  10  castrated 
adult  male  rats  showed  gradual  waning  of  these  activities  in  the  castrates.  Subcutaneous  in¬ 
jections  of  testosterone  propionate  (1.25  mg.  per  dose)  quickly  reactivated  the  castrates.  In 
the  more  active  castrates,  copulatory  and  ejaculatory  frequency  was  restored  to  the  precastra¬ 
tion  level.  Upon  cessation  of  injections  of  the  testicular  hormone,  ejaculations  immediately  dis¬ 
appeared  and  copulatory  behavior  gradually  waned.  Qintrol  injections  of  oil  of  sesame,  the 
solvent  of  the  testosterone  propionate,  failed  to  reactivate  the  castrates  but  a  renewal  of  treat¬ 
ment  with  the  male  hormone  speedily  restored  sexual  behavior.  Columbia  University  obstruction 
tests  demonstrated  the  presence  of  sexual  drive,  as  measured  by  this  apparatus. 

The  slight  calorigenic  potency  of  free  thyroxine  by  mouth.  Thompson,  W.  O.,  P.  K. 
Thompson,  S.  G.  Taylor,  III,  and  L.  F.  N.  Dickie.  To  appear  in  this  Journal. 

In  a  patient  with  marked  myxedema  whose  basal  metabolism  was  minus  36%,  it  was 
necessary  to  administer  at  least  50  mg.  of  thyroxine  daily  in  order  to  maintain  a  normal  level  of 
metabolism.  On  the  basis  of  these  data,  thyroxine  in  this  form  is  about  1/33  as  effective  as  when 
given  orally  in  the  form  of  the  monosodium  salt,  about  1/90  as  effective  as  when  given  orally 
in  alkaline  solution,  and  about  1/150  as  effective  as  when  given  intravenously  in  alkaline 
solution.  If  thyroxine  is  administered  orally  in  the  treatment  of  myxedema,  it  should  be  given 
in  an  alkaline  solution  in  order  to  produce  maximum  results. 
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A  syndrome  of  infantilism,  congenital  webbed  neck,  and  cubitus  valgus.  Turner,  H.  H.  To 

appear  in  this  Journal. 

Infantilism  with  webbing  of  the  neck  and  deformity  of  the  elbow  (cubitus  valgus)  occur¬ 
ring  in  the  same  individual  is  extremely  rare,  and,  to  the  author’s  knowledge,  has  not  been 
previously  described.  'This  unusual  phenomenon  was  observed  exclusively  in  7  female  patients, 
aged  15  to  23  years.  Among  the  characteristic  signs  were  retardation  in  growth  and  sexual 
underdevelopment.  Webbing  of  the  skin  of  the  neck  was  slight  to  marked.  Absence  or  fusion  of 
the  ceiA'ical  vertebrae  was  not  demonstrated,  and  the  shortening  of  the  neck  was  merely  ap¬ 
parent,  due  to  the  webbing,  and  not  real.  The  posterior  hair  margin  extended  well  down  on 
the  neck.  Deformity  of  the  elbow,  consisting  of  an  increase  in  the  carrying  angle,  or  cubitus 
valgus,  was  constantly  present.  Movements  of  the  head  and  arms  were  not  hindered.  Facial 
asymmetry,  dorsal  scoliosis,  and  other  deformities,  mirror  movement,  difficulty  in  breathing  and 
swallowing,  shortness  of  breath,  or  mental  retardation  were  not  present  in  this  group  of  patients. 
Laboratory  examination  of  the  blood  and  urine  were  entirely  within  normal  limits.  Roentgeno¬ 
grams  of  the  skull,  cervical  spine,  elbow,  wrist,  and  pelvis  showed  no  abnormalities  with  the 
exception  of  demineralization  and  evidence  of  delayed  union  of  the  epiphyses  in  6  cases. 
Treatment  with  pituitary  growth  hormones  has  been  unsatisfactory.  There  was  definite  genital 
development  following  administration  of  the  anterior  pituitary  gonadotropic  hormone  in  the 
two  cases  treated. 

Effect  of  massive  doses  of  an  estrogen  on  ova  transport  in  ovariectomized  mice.  Whitney, 

R.,  and  H.  O.  Burdick.  To  appear  in  this  Journal. 

Mice  completely  ovariectomized  1-12  hours  after  finding  the  vaginal  plug  were  found 
at  autopsy  68-122  hours  later  to  have  ova  still  in  the  tubes  in  a  majority  of  the  cases.  In  mice 
castrated  5-8  hours  after  finding  the  vaginal  plug  and  injected  24-35  hours  later  with  one 
injection  of  200  R.u.  progynon-B,  ova  were  found  in  the  uterus  in  71%  of  the  cases  upon 
autopsy  51-61  hours  after  finding  the  plug,  an  acceleration  of  10-20  hours.  These  findings  are 
interpreted  as  indicating  that  ovariectomy  results  in  retention  of  ova  in  the  tubes  because  of 
a  hormonal  deficiency  which  can  be  overcome  by  injections  of  an  estrogen. 

ADRENALS 

On  the  action  of  adrenalin  on  the  toad’s  heart  in  situ.  Satow,  Y.,  Yohoku  J.  Exper.  Med. 

32:20.  1938. 

The  author  injected  9  toads  intravenously  with  doses  varying  from  0. 2-1.0  cc.  of  1:100,000 
to  0.3- 1.2  cc.  of  1:10,000  of  solutions  of  adrenalin  hydrochloride.  He  found  it  caused  in 
8  toads  an  acceleration  in  the  rate  of  the  intactly  innervated  heart  in  situ.  Removing  the  vagi 
or  both  vagi  and  sympathetics  did  not  alter  this  reaction. — Margaret  Baptist. 

The  replacement  of  epinephrin  in  the  suprarenals  and  the  splanchnic  nerves.  Satow,  Y., 

Tohoku  J.  Exper.  Med.  32:257.  1938. 

Experiments  were  made  to  determine  whether  or  not  the  interference  with  the  innervation 
of  the  suprarenal  capsule  influences  the  rate  of  recovery  of  the  epinephrine  content  after 
exhaustion.  Three  sets  of  rabbits  were  used:  the  first  were  normal  animals  which  were  poisoned 
with  physostigmine;  those  in  the  second  set  had  the  right  suprarenal  capsule  denervated  two 
weeks  or  more  before  being  given  physostigmine;  the  third  set  of  rabbits  were  normal  ones 
injected  with  the  drug,  and  5  hours  later  the  right-sided  splanchnic  nerves  with  the  coeliac 
ganglion  were  interfered  with  by  the  lumbar  approach.  Some  of  the  animals  in  the  last  group 
were  killed  early  in  the  operation  for  suprarenal  examination,  and  the  others  after  a  lapse  of 
24,  48,  72  and  96  hours  respectively.  It  was  found  from  these  experiments  that  denervation 
of  the  gland  made  no  difference  in  the  epinephrine  content  in  the  sister  glands,  one  denervated, 
the  other  not.  Thus  it  was  concluded  that  the  replacement  of  epinephrin  may  proceed  without 
nervous  control. — Margaret  Baptist. 

The  prevention  of  adrenalin  lung  edema  by  the  alarm  reaction.  Selye,  H.,  Am.  J.  Physiol. 

122:347.  1938. 

The  author  found  that  an  alarm  reaction  produced  by  treatment  with  adrenalin,  formalde¬ 
hyde,  exposure  to  cold,  forced  exercise,  or  surgical  trauma  increased  the  resistance  of  rats  to 
the  subsequent  intravenous  injection  of  a  lethal  dose  of  adrenalin.  It  was  also  found  that  the 
pulmonary  edema  normally  caused  by  bilateral  nephrectomy  combined  with  intravenous  injec¬ 
tion  of  salt  solution  was  also  prevented  by  an  alarm  reaction  produced  by  exhausting,  forced 
exercise. — C.  Duncan. 
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Epinephrin  load  of  the  suprarenal  glands  in  rabbits  exhausted  from  muscular  work. 
Syozi,  K.,  Tohoku  J.  Exper.  Med.  30:251.  1937. 

Fifty-seven  rabbits  were  used  to  test  the  influence  of  the  exhaustion  from  muscular  work 
upon  the  epinephrin  store  in  their  suprarenal  glands.  They  were  divided  into  3  groups: 
unilaterally  splanchnicotomized,  non-exercized  animals,  and  normal  and  unilaterally  splanch- 
nicotomized  animals.  They  were  run  in  a  revolving  wheel  until  they  were  exhausted  when 
they  were  immediately  killed  by  a  blow  on  the  neck.  The  epinephrin  content  was  estimated 
by  the  colorimetrical  method  of  Suto-Kojima,  and  was  found  to  be  practically  the  same  in 
normal,  non-exercised  animals  as  in  those  exhausted  from  muscular  work. — Margaret  Baptist. 

The  epinephrin  load  in  the  suprarenal  glands  of  rabbits  after  administration  of  ammonium 
chloride  and  magnesium  sulphate.  Syozi,  K.,  Tohoku  J.  Exper.  Med.  30:259.  1937. 
The  epinephrin  content  of  the  suprarenal  glands  in  rabbits  was  measured  by  the  Suto- 
Kojima  method  when  poisoned  with  ammonium  chloride  or  magnesium  sulphate.  The  sub¬ 
cutaneous  dose  was  respectively  2.14  gm.  NH4CI  and  2.46  gm.  MgS04+7H20  per  kilo  of 
body  weight.  All  the  rabbits  died  by  this  dose  of  ammonium  chloride,  and  some  died  from 
that  of  magnesium  sulphate,  but  some  recovered.  Of  the  latter  some  were  killed  in  the  full 
intoxication  period  and  some  after  recovery.  No  alteration  was  seen  in  the  epinephrin  load  in 
the  poisoned  rabbits  in  various  periods  of  poisoning.  The  splanchnic  nerves  on  unilateral 
sectioning  showed  no  noticeable  change  as  to  the  epinephrin  load  under  salt  poisoning. — 
Margaret  Baptist. 

Work  capacity  in  the  rabbit  after  interference  with  the  suprarenal  glands,  the  suprarenal 
medulla  or  the  splanchnic  nerves.  Syozi,  K.,  Tohoku  J.  Exper.  Med.  29:271,  1936. 
The  following  rabbits  were  used  to  test  their  work  capacity  with  a  revolving  wheel: 
11  normal  as  controls,  14  doubly  suprarenalectomized,  11  doubly  medulli-suprarenalectomized, 
and  14  doubly  splanchnicotomized.  The  time  needed  for  developing  complete  fatigue,  the 
number  of  revolutions  or  the  distance  travelled  were  practically  the  same  for  the  4  sets  of 
animals;  that  is,  loss  of  the  suprarenal  glands,  their  medulla  or  the  splanchnic  nerves,  does 
not  materially  influence  the  work  capacity  of  rabbits. — Margaret  Baptist. 

Hyp>erglycemic  action  of  lobelin  and  the  suprarenal  glands.  Tiba,  M.,  Tohoku  J.  Exper. 
Med.  33:107.  1938. 

Alpha  lobelin  was  given  to  rabbits  to  determine  whether  or  not  its  hyperglycemic  action 
is  lost  after  suprarenalectomy  or  double  splanchnicotomy.  Some  of  the  animals  were  normal, 
some  were  doubly  splanchnicotomized  and  others  were  doubly  suprarenalectomized.  The  lobelin 
was  injected  intravenously  (3.5  mg.  or  7  mg./kg./b.w.  or  subcutaneously  (5  mg.,  10  mg.,  or 
20  mg./kg.).  Normal  rabbits  receiving  the  lobelin  developed  a  hyperglycemia,  but  the 
splanchnicotomized  animals  showed  an  increase  in  blood-sugar  concentration  only  after  a  large 
amount  of  lobelin  was  given.  After  double  suprarenalectomy,  there  was  a  very  small  amount 
of  lobelin  hyperglycemia,  but  if  a  very  large  amount  of  lobelin  was  given,  a  hypoglycemia 
developed.  The  author  concluded  that  the  suprarenals  are  necessary  to  cause  hyperglycemia 
after  lobelin. — Margaret  Baptist. 
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Hormone  treatment  of  primary  and  secondary  amenorrheas  (Hormonbehandlung  von 
primaren  und  sekundaren  Amenorrhoen).  Belonoschkin,  B.,  Zentralbl.  f.  Gynak.  62: 
416.  1938. 

A  series  of  women,  including  two  with  primary  amenorrhea,  were  treated  with  a  com¬ 
bination  of  estrin  and  pregnancy  urine  preparations,  with  a  return  of  menstrual  flows  which 
are  reported  in  some  detail.  There  is  no  evidence  as  to  which  preparation  accomplished  the 
result,  or  what  type  of  flow  followed. — E.  L.  S. 

The  value  of  hormonal  findings  in  hydatidiform  mole  and  chorionepithelioma.  Cosgrove, 
S.  A.,  Am.  J.  Obst.  &  Gynec.  35:581.  1938. 

The  paucity  of  case  reports  pertaining  to  this  subject  and  the  currently  accepted  conclusions 
relative  thereto  are  briefly  reviewed.  From  material  representing  20,450  living  births,  15  cases 
of  hydatid  mole  are  reviewed  with  reference  to  several  details  of  incidence,  symptomatology, 
hormonal  tests,  and  treatment,  pertaining  to  the  whole  group.  Of  this  series,  3  cases  of  sub¬ 
sequently  developing  early  chorionepithelioma  are  cited  in  full  detail.  All  were  well  at  the 
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date  of  the  report  over  periods  varying  from  11  to  26  months  after  hysterectomy.  It  is  demon¬ 
strated  that  in  all  cases  the  behavior  of  the  hormonal  tests  was  consistent  with  the  clinical 
history.  In  2  cases  the  hormonal  tests  determined  early  radical  treatment.  In  one  of  these, 
positive  diagnosis  even  by  exploratory  curettage  would  have  been  impossible.  It  is  emphasized 
that  laboratory  findings  are  significant  only  if  positive,  and  that  the  principal  basis  of  diagnosis 
and  treatment  must  continue  to  depend  upon  history,  course  and  clinical  findings. — Author's 
Abst. 

Mastopathies,  menstrual  and  menopausal  disturbances  treated  with  testosterone  (Mastop- 
athies,  troubles  menstruels  et  troubles  de  la  menopause  treites  par  la  testosterone). 
Desmarest  and  Mme.  Capitain,  Presse  med.  46:185.  1938. 

Testosterone  acetate  or  propionate  are  efficacious  in  the  treatment  of  the  menopausal 
syndrome;  in  the  case  of  surgical  castration  a  combined  treatment  of  20  mg.  testosterone  with 
4000-5000  u  follicle  hormone  is  recommended.  The  results  persist  for  about  5  weeks  after 
cessation  of  treatment.  Nodosities  of  the  breasts,  especially  if  developing  periodically  with  the 
menses,  were  relieved  and  cysts  gradually  subsided.  Testosterone  does  not  influence  normal 
menstruation  but  menstrual  irregularities  were  adjusted  in  some  instances.  The  number  of 
cases  treated  seems  to  be  very  limited. — A.  E.  M. 

Researches  on  transplantation  of  the  uterus  (Experimentelle  Untersuchungen  auf  Uterus- 
transplantate).  Eleftheriou,  D.  S.,  Endokrinologie  19:375.  1938. 

The  uterus  was  transplanted  into  the  back  muscles  of  22  guinea  pigs  of  various  ages. 
Ten  served  as  controls  and  the  other  12  received  daily  injections  of  difiFerent  doses  of  follicular 
hormone  beginning  on  the  day  of  operation  or  a  few  days  earlier.  Animals  were  killed  from 
7  to  60  days  later.  Two  animals  had  been  ovariectomized  prior  to  the  transplantation.  It  was 
found  that  an  optimal  concentration  of  follicular  hormone  was  necessary  to  maintain  a  trans¬ 
plant  in  a  condition  approximating  normal.  Larger  doses  produced  distortion  and  even  destruc¬ 
tion  of  the  transplants. — W.  J.  A. 

Irradiation  and  substances  resembling  follicular  hormone  (Bestrahlung  und  follikel* 
hormonahnliche  Substanzen).  Engel,  P.,  Endokrinologie  20:86.  1938. 

After  male  rabbits  had  been  treated  by  ultraviolet  radiation  for  3-6  weeks  the  blood  and 
skin  yielded  a  substance  which  called  forth  estrus  in  the  castrated  female  mouse.  Injection  of 
cholesterol  at  the  same  time  did  not  augment  the  action  of  this  substance.  Neither  unrayed  nor 
rayed  cholesterol  was  able  to  cause  estrus  in  castrated  rats  or  mice.  Ultraviolet  radiation  of 
castrated  female  rats  and  mice  failed  to  call  forth  a  positive  Allen-Doisy  test. — W.  J.  A. 

Studies  on  the  reproductive  system  of  the  alligator.  II.  The  effects  of  prolonged  injections 
of  oestrone  in  the  immature  alligator.  Forbes,  T.  R.,  J.  Exper.  Zool.  78:335.  1938. 

At  the  age  of  15  to  18  months  the  alligator,  still  sexually  immature,  exhibits  a  degree  of 
bisexuality  in  that  the  male  retains  testicular  areas  of  germinal  epithelium  and  segments  of 
vestigial  mullerian  duct,  while  the  female  possesses  a  testis-like  region  of  the  ovarian  medulla 
and  a  well-formed  wolffian  duct.  The  intraperitoneal  injection  over  an  80-day  period  of  a  total 
of  46,500  i.u.  estrone  (progynon)  into  each  of  a  group  of  alligators  of  this  age  resulted  in 
a  striking  hypertrophy  of  cortical  tissue  in  both  ovary  and  testis.  Medullary  tissue  was  not 
visibly  affected  in  either  sex.  The  oviducts  of  the  injected  females  showed  an  enormous  increase 
in  length  and  diameter.  The  experimental  oviducts  exhibited  evidence  of  a  precocious  approach 
to  the  adult  condition  in  their  possession  of  a  rapidly  growing  mucosa,  the  cloacal  portion  of 
which  was  ciliated,  compound  glands,  and  circular  and  longitudinal  muscle  layers.  The  vestigial 
mullerian  duct  segments  of  the  injected  males,  located  at  the  level  of  the  testis,  showed  an 
extensive  growth,  particularly  of  the  mucosa,  as  compared  to  the  best  developed  duct  segment 
in  a  control  male.  The  penis,  the  clitoris,  and  the  wolffian  ducts  of  both  sexes  were  not  visibly 
affected. — Author's  Abst.,  Wistar  Bib.  Service. 

Physiology  of  reproduction  of  Ostrea  virginica.  I.  Spawning  reactions  of  the  female  and 
male.  Galtsoff,  P.  S.,  Biol.  Bull.  74:461.  1938. 

This  25-page  paper,  cotaining  14  figures,  is  a  summary  of  the  author's  work  at  5  marine 
biological  stations  on  spawning  in  the  female  oyster  and  ejaculation  in  the  male. — E.  L. 

The  effect  of  male  hormone  upon  the  descent  of  the  testes.  Hamilton,  J.  B.,  Anat.  Rec. 
70:533.  1938. 

Descent  of  the  cryptorchid  testes  of  immature  macaques  to  a  scrotal  position  has  been 
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observed  following  administration  of  synthetic  male  hormonal  substance,  testosterone  pro¬ 
pionate.  Processes  involved  are  considered  to  be  a),  growth  and  elongation  of  cord  elements 
and  b),  slight  development  of  the  scrotum  to  form  more  of  a  pouch  for  retainment  of  the 
testes.  It  is  suggested  that  descent  produced  by  anterior  pituitary-like  substances  may  be  in 
part  due  to  stimulation  of  male  hormonal  substances.  Discussion  is  given  of  the  possible  value 
and  limitations  of  this  substance  in  the  clinical  treatment  of  cryptorchidism. — Author's  Abst., 
Wistar  Bib.  Service. 

The  effect  of  male  hormone  substances  upon  birth  and  prenatal  development  in  the  rat. 
Hamilton,  J.  B.,  and  J.  M.  Wolfe,  Anat.  Rec.  70:433.  1938. 

Thirty  pregnant  rats  received  daily  injections  of  500  7  of  testosterone  propionate  in  peanut 
oil,  starting  in  different  rats  from  the  tenth  to  the  seventeenth  day  of  pregnancy.  There  resulted 
disturbances  of  fetal  development  and  parturition.  Externally  all  young  had  a  masculine 
appearance,  the  females  exhibiting  large  penile-like  clitoria,  scrotal-like  perinea  and  in  some 
cases  lack  of  development  of  the  outer  portion  of  the  vagina.  When  the  affected  female  young 
had  grown  to  maturity  the  reproductive  system  was  functional  but  the  vagina  remained  im¬ 
perforate  and  the  nipples  markedly  undeveloped.  This  is  considered  suggestive  as  to  a  possible 
cause  of  some  false  hermaphroditism  and  embryological  defects  in  the  female. — Author’s  Abst., 
Wistar  Bib.  Service. 

Augmentation  by  testosterone  of  the  effect  of  adrenin  on  arteries  (Augmentation  de  I’effet 
vasculaire  de  I’adrenaline  par  la  testosterone).  Karasek,  F.,  and  O.  Poupa,  Q)mpt. 
rend.  Soc.  de  biol.  126:116.  1937. 

The  lingual  artery  of  the  frog  was  used  as  the  test  organ  and  the  constriction  expressed 
as  a  percentage  of  its  original  diameter.  Normal  frogs  show  a  constriction  to  60%  of  the 
original  diameter.  Male  frogs  received  1  mg.  of  testosterone.  Three  days  later  the  contraction, 
on  adrenin  injection,  was  to  40%. — ^J.  C.  D. 

Lymphosarcoma  in  mice  after  prolonged  treatment  with  oestrogenic  hormone  (Sarcomes 
lymphoTdes  apparus  chez  des  souris  longuement  traitees  par  des  hormones  oestrogenes). 
Lacassagne,  A.,  Compt.  rend.  Soc.  de  Biol.  126:193.  1937 

Mice  from  several  strains,  which  had  been  free  from  sarcomas  for  a  period  of  5  years 
were  given  prolonged  treatment  with  estrogenic  substances.  Sarcomas  began  to  appear  and, 
in  one  strain,  28%  of  the  animals  showed  lymphosarcomas.  These  usually  started  in  the 
thymus. — ^J.  C.  D. 

On  the  presence  of  lactogenic  hormone  in  the  urine  of  lactating  women  (Sur  la  presence 
d’une  substance  lactogene  dans  les  urines  de  la  femme  en  lactation).  Liard,  J.,  Compt. 
rend.  Soc.  de  biol.  126:512. 1937. 

Urine  from  women,  4  to  6  days  after  childbirth,  was  extracted  and  injected  into  immature 
female  guinea  pigs.  These  had  been  sensitized  previously  with  injections  of  folliculin.  In  the 
3  examples  given  milk  secretion  appeared  about  6  days  after  the  injections  began.  The  author 
suggests  'urolactin'  as  the  name  for  this  lactogenic  substance. — J.  C.  D. 

Influence  of  autonomic  drugs  on  ejaculation.  Loewe,  S.,  J.  Pharmacol.  &  Exper.  Therap. 
63:70.  1938. 

Adult  mice  with  reliable  ejaculatory  responses  to  standard  combinations  of  pernostone 
and  yohimbine  were  used  in  tests  on  adrenergic,  anti-adrenergic,  cholinergic  and  anti-cholinergic 
drugs.  Only  cholinergic  drugs  produced  ejaculation.  The  dosage  required  was  lethal.  The 
cholinergic  drugs  (acetyl  choline,  mecholyl,  doryl,  physostigmine  and  prostigmine)  acted 
synergistically  when  injected  in  non-Iethal  dosages  with  a  standard  ejaculatory  combination. 
Atropin  had  an  antagonistic  influence  on  the  ejaculatory  response. — E.  L. 

The  use  of  estrogenic  hormone  in  experimental  peripheral  gangrene.  Loewe,  L.,  and  S.  E. 
Lenke,  J.  Pharmacol.  &  Exper.  Therap.  63:93.  1938. 

Theelin  and  progynon-B  were  ineffective  in  preventing  gangrene  (in  rats)  produced  by 
injecting  ergotamine. — E.  L. 

A  rapid  test  for  male  hormone:  mitosis  in  the  accessory  sex  glands  of  castrated  males  (Test 
rapide  de  I’hormone  masculine:  mitoses  dans  la  genitalia  accessoire  des  males  castres). 
Martins,  T.,  &)mpt.  rend.  Soc.  debiol.  126:131.  1937. 

The  test  gland  is  the  prostate  of  rats  and  mice  a  week  after  castration.  Mitoses  are  usually 
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not  present.  After  male  sex  hormone  injections  these  mitoses  do  appear.  This  effect  can  be 
accentuated  by  'freezing’  the  cells  in  mitosis  by  the  use  of  colchicine.  A  single  dose  of  0. 1-5.0 
mg.  of  male  hormone  is  given  to  a  80-100-gm.  rat,  or  0.025-0.1  mg.  to  a  l4-18-gm.  mouse. 
Fourteen  hours  later  the  rat  is  injected  with  0.16-0.3  mg.  of  colchicine  and  the  mouse  0.025-0.1 
mg.  After  10  hours  the  glands  are  sectioned. — J.  C.  D. 

Sex  hormone  factors  in  recurrent  abortion  and  sterility.  Mason,  L.  W.,  Am.  J.  Obst.  & 
Gynec.  35:559.  1938. 

A  study  of  the  endometrium  obtained  immediately  before  menstruation,  or  within  3  or  4 
hours  after  it  has  begun,  enables  one  to  evaluate  with  considerable  accuracy  the  endocrine 
factors  which  are  operative  in  its  production.  The  2  immediate  hormones  so  operative  are  estrin 
and  progesteron.  In  ail  cases  except  one  of  recurrent  abortion  so  studied,  there  was  found 
evidence  of  a  diminished  progesterone  effect  upon  the  premenstrual  endometrium.  It  is  felt 
that  this  evidence  of  deficient  corpus-luteum  activity,  in  addition  to  being  responsible  for  a 
relatively  infertile  soil  for  the  nidation  and  further  development  of  the  fertilized  ovum,  should 
such  occur,  may  be  evidence  of  a  sex  hormone  imbalance  which  operates  to  produce  ova  of 
diminished  fertility  also.  Being  demonstrable  even  before  conception  occurs,  such  a  condition 
may  be  responsible  for  some  cases  of  sterility,  and  it  was  the  common  factor  found  in  all  cases 
of  recurrent  abortion  so  studied.  Nine  cases  of  recurrent  spontaneous  abortion  have  been  treated 
upon  this  basis,  8  of  these  having  been  carried  to  term,  with  the  birth  of  healthy  babies,  all 
of  which  thrived.  The  9th  case  is  now  in  her  8th  month  of  pregnancy,  after  3  spontaneous 
abortions  over  a  period  of  4  years.  The  material  used  in  8  of  these  cases  was  the  APL  hormone 
obtained  from  pregnancy  urine  (antuitrin-S) .  It  would  appear  that  progesterone  itself  might 
serve  the  purpose  more  directly  and  surely,  and  the  last  case  has  been  successfully  treated 
with  the  preparation  proluton. — Author’s  Abst. 

Therapy  with  blood  serum  from  the  testicular  vein  in  the  insane  (Primeros  resultatdos 
de  la  terapeiitica  por  el  suero  de  la  sangre  de  la  vena  testicular,  en  los  alienados). 
Melgar,  R.,  and  J.  L.  Peluffo,  Rev.  sud-am.  de  endocrinol.  21:202.  1938. 

Blood  was  taken  from  the  spermatic  vein  of  young  bulls  and  the  serum  was  used  on 
patients  suffering  from  dysthymic  psychosis  of  melancholic  type.  An  initial  desensitizing  intra- 
dermal  injection  of  1  cc.  was  followed  by  5  daily  intramuscular  injections  of  5  cc.  and  5  of 
10  cc.  Four  cases  responded  with  spectacular  bodily  and  mental  improvement. — A.  E.  M. 

Treatment  of  retention  of  the  testis.  Mimpriss,  T.  W.,  Lancet  234:533.  1938. 

The  author  reports  an  11-year  survey  on  the  treatment  of  this  condition.  He  is  of  the 
opinion  that  the  management  depends  on  the  correct  assessment  of  the  cause  (developmental 
or  mechanical).  This  can  best  be  made  when  the  patient  approaches  10  years  of  age.  The 
testes  that  are  not  mechanically  retained  will  descend  when  development  is  complete,  and 
hormone  therapy  should  be  reserved  for  those  subjects  in  whom  natural  puberty  seems  un¬ 
likely.  Mechanical  causes  can  only  be  overcome  by  orchidopexy.  Operation  or  extensive  treat¬ 
ment  with  hormone  therapy  without  the  proper  indications  can  only  do  more  harm  than 
good. — L.  B.  S. 

Estrogen  in  local  treatment  of  pruritus  vulvae  (Uber  die  lokale  Behandlung  des  Pruritus 
vulvae  mit  FoIIikelhormon).  Reifferscheid,  W.,  Monatschr.  f.  Geburtsh.  u  Gynak.  106: 
287.  1937.  Abst.,  J.A.M.A.  110:614.  1938. 

The  author  prepared  an  ointment,  1  gm.  of  which  contains  0.5  mg.  of  estradiol  benzoate. 
This  ointment  was  used  by  14  patients  and  all  except  one  stated  that  they  obtained  considerable 
relief  with  it.  Ten  of  these  patients  (4  of  them  with  kraurosis)  are  entirely  free  from  symptoms 
under  the  influence  of  the  regular  use  of  the  ointment.  The  patients  are  told  to  massage  the 
ointment  into  the  external  genitalia  in  the  evening,  if  the  pruritus  is  severe,  also  in  the  morning. 
As  the  use  of  fat  alone  did  not  bring  the  desired  results  and  as  no  anesthetizing  substances 
were  added  to  the  ointment,  the  estrogen  must  have  been  the  effective  factor.  To  be  sure,  the 
mode  of  action  of  the  percutaneous  application  of  estrogen  is  not  understood  as  yet.  The 
author  concludes  that  the  ointment  is  a  valuable  aid  in  the  treatment  of  vulval  pruritus;  even 
though  it  may  not  produce  cure,  it  improves  the  symptoms  and  is  a  valuable  adjuvant  to 
endocrine  treatment  by  injection. 


